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(-:ite t ralze hwne I o oyatlevri scttention. rhe- oilN W i( mnl-psa rt'nd imiuieti o e Ii s darte

it e0lt ain*Dfnt Rezicarph C'ommoit- to the public, lte rt-v~*:reh ion -ubstiaraev warfare i-
tv-IY*ji~t oiuib Fxceritive 0,i der of the i rglav;fm an i f ge.neral intvrr.tA it, a

Proidntinlit smeerof1940. The own lun' 'ef ?iitev rtricted rop.A it ronstquener, the repomrt
NDRC, appointed4 by the President. were intstrietedI of Di~vis.ion 6 i~ found mlmeei't entirely in itt min-

to ~uplnint t.(-wek o te rm am', !ie \v ayT-inrlelotwhich nins to over twi-ittv
in the di leviopnivilt of t14'jlti.iwlt~tE o( wet! v.elomi"e 114 ex~tent d t. work if a tdiieiti.n vatn-
A year later. uplon the establit-inmnt of ti"' Offtice not tlwrtfore lie judgedt -Aikly by thie numboT tof
of Scientific Rt.'eat It 'ujl I~ee; I (nt t)4f[), vteduica 'lvioltAto it ill (iite Sumin.Ary Technical
NI :Rt hievilone oil. _i it- tUnit. Iteiport of \I)RV.. areount must ixt taket, of lthe

Tli' Somm.-!n T'echnical Rellote o1 YD11t( is a~ mt.wyaperjli- ann at'ii~ablue reliorts oibclelimeel Osr-
mnsIit-rietiou!' effort on the lwirt -if NDR I)(' #osm- where.
marize anti evaluate its work anti to pmresrot it in at I ).i-lun 16 catrriedt .eit% -k lroad pi,*ertiii in liee

tisdol undl I-nuiaiwut fom It rotpriuuhfl' Poilic field- off light un-] oplesr -An-iieh !tt slt tiies widuer-
seventy volumes liroke .I intoi groullm. corrvsjeondling taken x-re a numllir invuuIvinii the jirineiITle and
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w\ork of that greetip. Thme firtit %oolsw -if each group's airt-roft. Significant .:mrvntswere lmate i.4
reporft -onut&Ko Ia sunlulary of tht- rv-wmt. metittng the aerial nappiing ganl p tcAormpiliy. Illvirr-
proleno' prerortsit andi thme ;hilomictbhy of attacking ing eto the live of jafrarttd light mlerr .'evelopei vsr
theme. and sumutnmniring tile rroult, of thi e itwartb. it*m dettcet-n of ers.i uyrrjf. Ibix rrr'qmition tef
dcrveloitiinct. anti trainirng gctivitiem- undertaitm-. frieneill ewo-,. ando fir byrnronrto e VIirr
livimr vounumr may be "Ptate of O1w mirt- lialitmro anti cude. The nuwec i ie. nnifr-fm',guuing
crivrritla suLjtvi' tee wltivii votriciti rrio-aueh gruugo inirareel rayd. w*so a ..pit-tavular ~eI~,whiih en.
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in a Pejurate veet'r~w. which also ni.chudi litme indt-x oemet. oflfile 1)iuuinom Pirmamttl awl ;toe celrmeatree..
of a oa rroauno r-eco~rd of peortinent te-chnical abiahn- andl iii a reeAd of their -kill. ainr'gt~f awl loyal
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.11trt u3 iiits Stet ofl. IllaiitScii teas ft( lkvw D t iv~ioi fiit( lie u d c~tIvitTý- lilevve lj i U11(Iteli clue ýt,V IWV
coinsi-tt 'I toi I larpoe evIi'It of potrsoiiiitl as~miai;vt: t3 I1sIla%-ILve contiiit iiteil unit -A-;! i'ift r. utt' mno
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rxituttr-rti'''uring. !hr war. op1 -r, mN-ot-itt wIt'- mmilt uork- of 0tv ic vi-i'ira r'.otI wit livroij 11danitie
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,t1 4' naum itrizes the prineij .." actiVitzes ot the Armed Servive,.. [1 has hiiii dihiditie intot mr tvti
T "t~it Ua'ilngv .evtoi o) 1(f xtIiW I*; I i'.Ai lw~ul: tlw hirst i. , kii' ~III iia sAI1 V 41f do iai ~rc

It'. oi W* WI I Vi 11 Its thiey ýIptt~ er in retrosisuct pro grami i the steco nd an mt1in i-p 'ii -in hP III Is* t-tio
inurv than It year afti'r t1w Sert'1on cettavi it t'xit por~4initih I t i restia'r'-W' wi4 ''i'h , uhi'

as I botl4y anti morn thani -ight montttlis after Ilti' visihility: antd Iltheiirc!. is :,Ii ti'''''i!t of xi
:-los o f hosti't i' t4. hi l itiimost groupsJ ' Ili tl N1)l{( v ets that S4.'114 (Ifw SIffiii it- ele 4 i jiuan ii- Ii
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VVIItItIIIet dmlxvti't of vatilltiotip.llaehiut' ist'nu rt'eili,'e', Lloyd A. .Jiuv-i Ea- nni,. Kt!ii-k I '. intlYe: andI
ilk imirt rams~. toi ii engzineer i g prinsi t-iurv. 'lii ri - Fr'.iuk C . Wtilt iiitre, hoeii Penc'lii', 4t i-
stitls oif thv lise.tkUI le: naurally iv 11me Rtn in ilk t'irt it Ae. liThe 'einiruin Ai .ivs lt'r' N.-' l st'ilrt Q~. I lim!!v .r
beanringim Onwa -11' .il o~f miilit a ry andtichnvit o viý'. ist'titt I nstit ute of l'liiI ge A r' liir W.
biilit'ý n'iihait't' mi, tilul kins. Ketanei , L.1. I it Pont tic Nenimtit's At~ 'Viphl ik"\

W-ra'eau t lie P-ibtahjet of eNii liumlIagi. I .- ~t it jt iKts - ilt'.; nth I E'.ivii'o T LcM~pimi . .i with1 %;vtt-ral~ Amii-
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It'va 411., It .' 14tdiniititnt 'ot roi'nt rate lie v-f' cr1 tht iii rtiom rteprv-enttil w 'idthel kcitt,.1 ie.j irt mt rc-I

in it fet'u rentral ,ihaxira~tirit',. A t-'entnni aiiloanaery 'Eli.-4' intrrvt'-, ia.'ittile ''ptit'ah ~Ity'is'- I bunt It.

humi ( lmif-.t Tliffany F4inti-at ion. Ov)"t,-r Ila\l -m' anti rlienirah enkiit't'flflg O ht-nnt'v W'intisocrt,
Nv N'-a ,rk. mandiwiany III t ile ScIion'- ac~t ivIit it' rnn' 444' Ii r% cli v.aIo i i''win 

1  
Iciir ~ti 4 1444

'--ittntirm there. ht1it'i'o cis( the m~any'~ , litiio. dg.- ig~itc~tt 1hinit jer. h1mirtiv, Larm-in
th'a.ht *mrm Iin ncginte'tiari withm i'A11101ilagr Ill- Tlt' iiihuisiiri of'ttti Of IO reef IC: hIw itii-Ilticil
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I "qanaatuiNtv a swtk Ci ty, Thlw..' ulta halmra. Iott. stiviriticict .h-tiki' Iv utlies 'iiii lir' %4 e ~l-rtai
''ci-t. n'tfitla . 1wiflirt plilsincluity'. *iupphl"-ni'.lrl ga'irt'.s'i %Oit h'- relitritl-tiliors, pruItilnc t- Is' "kinai v
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Wi4tvOw fitiruvi, wiohirl pricvitir t'ffe's'itr anti..'nriis- i-rnwv' ;kirla-iiljwi ok nhliritplsv'l linint Ir-on pkltiu

light g ctflm for pireiull wR%. elt'ii-rli-tsih lit i Iir itai'fmlft* 11-itv T. Nko.icr of Aiisrstc ti ( --x'.I'-

1-.'at'h Ial~itoe-,of the Intrt-rhe'llra: Cr' 4 'sonpan t'rL'rk,'.l a raim4iiuii'itctg her4 *t alt-I *tis- t-

111iatmr"nws f,,hlna'ing esltsggr'ticin i' IIw t'i- 4Tt'U. ('lot-f. "rigninaiht' .uart-.trl liv F 11. Kir opf twhi4t 'ii
Thisi fhaibte was '-n~l-tivl.v in lt n', toe the Tiffany 'upn Carl F i'n.. o f the Tsfl-.aiv FI'ýiui:iti.tin

F1 sill &..,~41w.. a itlir t*vits ,Rti wst- ile':ts.iotitcisri It lc i c-i-turt-il tOw ttri.~iii! -ju't'isirit- it' N'41 r'his ram.i

fild'i tests tin p 111,44k P..r aL' illnurtt lend l ha'r J. 1\ Ttlrumn'ibrt. .if :*raktt. 11-Al &

lvlcnc r -Vi'so, If in ti~r c'1t.t.441.r-r rtla ntit' .lu .4 , se *i, t I Ismac- V inI TO'h a'A' Pi '.'
F~irit-ili of tl~c-.. I. piews havi- lierr pldoihvi~lN m till) i- ý o~...f hnturrhesu-oic'a? w .nal.ti ) dimrvol.-! -tn
F-m~ fcinnatt line I.n.chlan trtul retch rccnttine , fu I.e. -mlatiinatir j4mimIrt he rittir d"14t'c 44i'(itri~um eti tce 1

acigril 1. h r I%,- ,.:.. aib %i-hixiiiiine it. r'cialsicm it, Itisetil lattie'. Fala ar-I C~ Dc'nrh I '.mar- A W.-e-.
I . war .'lr'i, n.-~ luirl%ýw %if thisi ýi4moavtari' Tec-h- eIr. ait I htiftii R i'iuiru' of tili liv. .rrhintw'a

v'n'mi Hil-p-ri is to pmrA-wnt the' u.Irk .. ' t risit- It .'l111ci4t1ivi lptait witite-wa sler'rial u'i.ritrivirr In.-
"artiir in a.i-v'art ("racw i mri .to pply r6-i~tgh' otirtmuntt.. aitsi IDavi'a 1. MaNiem lans Lf JI ''-I~ttu.

r %,'a!Inatint ltiTg to, snake the rutist uw~efiji iv K, dzak %nhjin l-sti il Ism :~w~a'" 41 c' i-
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struction of thi. %*c6rogcograph. Later, MacAdam t ylve~ter A. !ý-fily, andi'i: : , fietd ,-by
Pupervig.d Ln invcstgption of te ,ibe v ., ,.,- CihuIem A. Kuhnn. 'robhleii, concerned %%ith the

(ýred targets, and was the at•.hor of x,veral reotrMm- paint 'mutfI,,, wL-;ya. ity S.. '. !oule ato'l C .1
toN',' rqm.xrt• as wel aml (,hapter 3 ,ot tli.-: v olht.. . rRo ic efforti oif all the.e groups w,'e "lxrdti-

;Willard P. Greenwood of tile Tiffany Foundation nated by D)avid M. (;ant n n o Inchalf of tile Inter-
opj:ated the 41vortrogeograph ton all ot it- flights arid chemic,-' ('Ctrpeiratitin.
was in eiarge of the retearch program which vto- Tihe riforts of the "'nmouifagc S4•iethln were aidt-d
tered about thai insttnaent. \leto-rolhgical corn'- by the, liaison officer? assigue'd to its pri,jects by
lations with tile s•omtrogeograph experulneuts wvrr the Armcd Fortre and hy nrimiwrous titir offictrs
pre ,"itt b by I'. A. Pt Iori e t ot ti . Z'. %%. t atIhcr 'iAto, aitlh i .ugli I ltt 4ithi lIy dt..tgri.ted Itý Unaison
Burept.u, oho arcoimpaniert (Greee.wtit on his flights tifficers, foih,wed the work with keen iuterest wilt
during the spring -f 1944, H. Richard Blaekv ell helped in many way.s. Among the long list if liai~on
wa.' ia el.arge of the visibility research prograni at officers siwtie! mentioti should be modre af the fol-
tile riffany Foundlatioin during the ",ie when all of lowing men who 'isitrd 'ie laboratotries on many
the tdatta reworted in this volume were seculrtd. ur- OcCAiOnS. a 'c~.lamnitij field ex1,tlition., and pro,-
ing the earlier l1art lif thte visibility prngrami at vided invaluable assiOs-tie: ('aptain (Charhvit Bit-
Tiffanri, psychoimt•ric teehniluts werv developed tinger, iBuShil; ('Commander Dayton R. E. Brown,
by Helen Peak ant lk!An M. RHicmnri-.,i A\illiam HtShi.•'. Lieutenant ('ommander D)e.vi,! F. Leavitt,
F l.ittlv o'. I. a' !r,'jlrical Testing Laboratorie4 BuAer; Major Arthlar W. V'an licuker,,th, Corps
wrvetd throughout tile project -4 a rtmisultant ;n of Eninmerc; and \Majtr F. L.. \WtiiiurFA. A.A.F.
photuwetry. The special appmratus requiml for thr The Section gratefully acrknowledges the eourtesit-,e
, .ihility rnsearrh was dvvivel and con-trutrtet by extentdd by the ,taft Photto rechniend Unit.
('arl F. Ftw,*, William Kerim, Schell Lxwis. and A FTAC. .0 ,ando. Florida, anti to Major John
Benjamin Prilchard. The ntutogralh~icr visibility larkin, C'aptain 1'. K. itw-k. and Lieutenant S. T.
rhar, were prelmpcd ly Iaytnonl i). OItlls (f Jennitip har dOir wievitrs In rising tlhe spectroge-
Maoaehumetts Institute "if Trehlnt-lev. ahto servvd .narl'. "hrtid aajop'ieon of thi Black Widow anoi,,arrli-
a tile C.igtultant in unAtheilatae-s to th,r Tiffany lilgt emmnotflagr toy tle t'nimt Stn!" at"! Itritioh
Founlatwir,. Air Fort-es w as, dur primarily to tihe eT:rrts of Major

"I1w rfitiheml rnl ject. peotnttaari- a thn(, voluet' P'Nol l. |e'terr. A.A.F , thoi r,,twl.a'frtl the ortipial
were rcarried out by the stallf of the -•eanrrh IRIl- light trto, at gh1in Fivild ant -utl"atitelly !q.. -
oratuoris of the Interrhemltal ('nqxorafi,,, 'lirreetd elutiol thtle eatmmuflaltr ntisu.' in Kagland had
by Allertl F. F.(s"kr. Invortigait•o involving pig. thnauXoumit the Pacific theater. TIhc tID|{ 01 tre' oi
menit. a, maitw. lndl lacqtwur wrtv t•,•" 41'i•l by F-ttd SWrvier re•noxera'ut with .Major Ilexter in
Flat K. Fischer. FImudpo N. &aar-'. aud P. A. lbngirn tholsat tihe adqptio of 11-c .lat. Witiow
Hietfry. Walte ('. Granville Wall in charlar .If lwec- finiodl in 4%ll tlhvatet. of oPlertit•n.
trehotAf•lrr tmetlltwm...t4 andi calrulati,,i. The
Pynthesis anti nianuaimfrt' a pi"li plant proko (if $atatwr Qý DtVh .
UGVc pipnitw 0 rre- ortrrutl.d in th., Orlanie hold by Te-linwral Aite. ,8-tinn 16,3
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INTRODUCTION AND SUMMARY

,. .1 INTRODUCTION eoncealment aittiast detction hy n,.taus o.f riutroilagnetie

r- radiations whole wa1i elngths lie uith'.r in the visih'e rc.irw,
SN DFFCIE.BFRt 10, 1M41. the National Defense Re- of thie 4purtriui or Mu vlo:!ly mttijaet thereto *hat the detee-

search Committee [N)R(, I appointed an ad hoe tor i6 not radically allvieJ by the'ajaniiu of thie wave-

S Conaitt(.e tin Ctamouflage to "review the status (.f lenilth rDNnge.
ixcam11ufl ng e develop ments, tihe research now under R F O M N T O S G -I T A

way, and to make recomnendations to Dr. Vanne-
,'ar Buhl in regatr1 to, tx-mim,ion of the present 4.D H(G COMMITTE

rcscareh." The final repoirt of the ad hoe oemmuit- The ad hoe ruininittee mnade the loh-,ming repo~rt4
cc hehtis with the following discu.sion of the ane reeotn'ndations:

i• definition of camnouflage:
• eTtnhto :'lae Conintittoef has fuiled to find tuaw p'oblent ov group

The term eninofleage vntle into us in France during od problems whtee solution %peprara to 'lpend utuon '..

SW•rld Wp'r I t3 ewriht t.vertnirn dvfe.r.sive na.t1-t.4A eaidle ,xterion 'if existing knowledge it, the setenrea with which
neereaarv by the intro. i.wiion of new offensive wenpons., prin- eamotfiage at concerued. It is. therefore, unwilling to te-

itpally the airpliti- 'ed the emtttarine. If ititerirt't'e ommend that al.! re<.itrA. cind develoiluit.r.t activities be
broatdly, derreptiv- .may N- erirtld41 as a xynonym for eaniout- concentrated in a single ruwemart'h laboratory ereatte'! eost-
falge. The deception tnay ecmntprin com'uealn.tut of tile tye e'ially for tile purl.os'.
exemplified by the protective coloration in the rase of ani- Tl,i 'unntittit• believe's, firt hetrmore, thbat the pros.
rihli, or it may merely create rotmifution with re•'•t.'t to the eution of the wai effort iw likely to handicap thi,- researeh
identity or velocity of ihe objective (ftlcrially to shi). a ,ad ,..velnipment proghratm now cteoe'durt under Army or
form of camouflage that ia molifetimea ertulvy I 1rctive, An.l Navy eugnisanre brete of inre'aeang demands ott the
low diflfitlt of attainment. To include alt the anmtifleationn ltMOO11tlt.t In m eon ti-A with both Oltbot-4 and trat•ine
of the subject. vamouflar., moot he uonlert'toetl to inrnitite the In the timaj lie in its phical and al phyl-iological zalseeta.
utse of trmoke actie. dummine, ntd nth"r .le.leti.e prr- i'hotnrttal.hy, netd certain 6raehe'a of ehentAt-y are the
tiek". 6.e'i of ienev tmnot roneerned in the de'velopment of n-'w

Although the ole-tretion or hi.vakinget e'fcinooihte' i. -% w't- ,aientiflapt t.'hniq'oa. It is eoammmo knowledge that the•r
state ptof•ieston wheln •'odele,•At with reslpeit til the m alth t' itoe any ufite'ity bPd indoldral Isboratorivs looriming

nsnloyerd. it 10 tlomA.ly related in the' oem that it tlefinie' the both adequate iacilitlt ead atcontm.leent iteonnel in thtte
trobk'm '-f. the oamo-k, .,, who tenetealke te. "'hieve a felds k. ar, that them facilities are nut at l'reweat titisele to
VOKatlment that Canit he ptlteleratedl. It s happe*e that "ll ealaely ina the a *ofolrt. Sitt*e ptrieowt in the ia'ewive.
the prinrcipal methao of atteertifo pe,,O itlteuiallt lJver- meet of tamoflaglt tcrhnilque in'tle'es a tttudy of a faelle
time art'hralkitas that hbar@ fosterrd their r intinuouli tire. gamut of ladividit prabhenaw which at" t-e'hiteally d'it.m-
ogimvttt ('anenuflag. being Ofentwlahlv at wartime activity. list MiAt have only 1110ir mAjor giurilow in comoetn. it woulel
hfia foteitrivat a e4 ra glroeng rmtmnOut of attention dotries •'' that the M4-&t of the arned 4k icrem ran heot he mtt
lhe yeno, c'i Ilae As a ea "'lee"ete', talvanres in an t- ru an arby aateremat tiod' ahwh eahtl lwrtletwt relsAely
iee lta'hnaQaelt have sot kept pate with impovenetral 'in oatlr hfpobimfeb rfAfranuo o
the 'ltehtqie Of deIftcion,. Um w tlhi tiort ao e'erOt" W t grott of give chime b" trfratl flora ao lto. to
primarly with the uweerrh ant dvvelopmtn"t 0tiap;.. f The. VDR tanielty or u i zdtt t o eaoatline
"ramou"Pla . It mot O,'tel•rly Ourvey the melht•i•eo etc. "Tohe oDf(' i imly oallr to eotltnietle sati-t hoel k" a, M asmllable or am i the in ere ti f o efrl- ti's iunder the ahove recommendation. The Committe,VetO"U thritrfm ef,'omtaet the t ollt hitilmunt of an \DR' 'Opet.

In it* mool #*mrtalty form. rommilia~ttr un&-flts to lito on ('11motifluge in view of the fart that the SCDRC

IMnO'qe v altumt agamteo detertlen by the unard hom ae n. or"nI a tift r4t Ilhthiti, W4)
eye. Is .e'aiw of tIhe waidepr'ad ttm of peattralghy *IV! tIw wehileh a erane•'n•rd with tlia ftrt-uramal astwitl of eattrn-i.'mi,

gitwa"s4tr et iirAgevttmhslws liod 1 eel aiw"Ier. that the 9eetwutron oft irnieafl'- 6it
* 'he re'ptitttm.tit.of ircrqfial mutlmntr*fia hate h.'eueeie

mo.ln'r,'r e Iety a t'ew . aatw T 14"ghlc erenrcm e *h t of the eel holt' u rwtntittee untaion.'k tre

to oft" rcwartiahnm -'wifal any tr telsl of tletirlit* Thtt.. al't-dleelhl, "I tat0'rml intrA•, h*ie# . .u *.e ..-. i .*I
'ho' firiagll of soe•v'l rttr smulamesh' may ;'retdtlb, -r 'om.,sleser; taicsrnec.tje ID'. g.ue at. o'a , 4-l1 t"g'..
ceIaltel againmston• d e wtneteut stA the Ij*sttoag of radio ,re'"" l'tmalqI lt e #'., lqpttt. '.Jhr .Vet'go f"'gacO "

6tm6 Mas hi&te no "ht•tve (rta• raip drere'tn•o. For te t•lothe ;,w u..er tt oI.ag.t'i, Ii4W I ".,. r O' va't"c ('eqs.
rmrewof thee Wt si'p li ~nostbe' i itn 1 flw aljv jee v $ee r'rtntsw' I

•. V I• I• ll"' •' ":r



4 NTRODUCTION AND SUMMARY"

liished under Division (. "To facfititt -tht, dsirnlh, lihimon runtract (i)FAIsr-551 \'ithi Harva.d Univers lt f,
between 1,: Iwo sviti ,t- il, Ch(irman of ecm, 511..ti eninblde T'homtann t o) coip]h-tv his research. The final
Ireferhbly bh, tmu; it neiptuvr of the o.ther. re ';ults a'• enld' ipdi in Report on The Prcparat'on

and Propcrti•s of ('hlorophyll Pu;nsx."
1.3 THE NDRC CAMo UFL.GE SECTION No military aliplieatitn oif eltorophyll paint is

known to have been muad,. This was due partly toUpon, thev r'ecommetndation (if the ail hoce minnit-tee, tie NIRC establisIied a Caniufiage Steln. the Nat that the proeurei.efnt off ,.amoiflage paints

teethe DIU estblised Camuflae Sctio. Iy thle Army wase well under way, :.nd partly tio ex-
The new Section (C-8) was organized and, at its ptrie ir op a nder w hi, s.emr d te-
first meeting, agreed that as a matter of funda- -rt n tha in Europe and Britain whint semathd to

Mental poodicy its primary concern sbotild Ile thle inelitate that infrared-aright green paints made of

eamouflage if offensive weapons iships, planes, chrymium o axide unit kind st materials afforded stt-

tanks, etc.) rather than defensive camotiflage against isfartIry covnceahlent against t. e detention 1cans

aerial bombardmnent. tqiln which most previous re-
search effori had centeredl. Although this ptlicy
ultimately dominated tile actividus of tile Calnlm- "." Camouflage Design by Engineering
flagr Section, its first efforts were direeted toward Methods
completing certain researehts in decfnsive eamou-
fiage that !,ail r:,meivvd tile attention of soime of its The ci'trse of \\',wil Wat I itt Euroipt. dluring

iwrsonnel bef.. the .Jalbmneve attack on Pearl Ha'- 1940 and 1941 eatsted the Army tot bgin laympg pluns
bIt'. for extensive camouflage installations designed to

protect key factories and airfields from liobmbing at-

Camouflage Research Before tacks. PI)P was chlarged with tie eretition of such

Pearl Hlarbor des.igns. It became apparent that huge sumns of
money anal large atmottnts of labor would he ex-

Befitre the attack tin Pearl Ilarltor, no research ia Iwenldd tin rattionflaue construction designed without
camnimllage was ritnihit'teil unider NI)RIC ausPirtws. know'ledge of the optical rtsluirt'rments that mnust ble
Tihis was not tilhe revi!t otft atn .ovtrsight but a deiP- mett it| i:raIr o titl, hievc stlecessfulitteencrtnent

ramtv Ithliey whi. h ,ili nnstt'titt frontI fll clowe tinnee- lritishi cxlricmte hall slkown that t rn I -ant .- err itr
tion of certain NI1)(' •wrsatinnl with an Army- itethtals riftti lead ,,itlitr to eotlv failures or to
iptinsivd civilian cavit ittflalc resen relrh tnr.. iilation needlessly exlenst, -utite.-sses. For this reason. it
kn•twn Il, the Pasiv', I )cfi'nse Proj1et IF;' . Olowr- lat-,mittnf the pIrimary otbjective of tilte Physlcs 1), i '-

atHI lIty f't-ls tfrom till, Work Prujecta A tA. nivira- nvint tif PDP ito lrolute an vnginrmrInK 1Pai;- foir dit
tion. the PI)P eoldurteid tin extenitive rt rai etl( hecrtion oif eanioatifltage nntterials. Tills r.sjuiltvd III
retart'h in ieivitsi ye camtntllflage. The s-arelat-iv I lhtmrattry instri 'v t1ntation. t21 instrutinents fir field
tehwrilttl in Set liine 1.3.2 and 1.3.3 were't, inittlted ltoS. ant 131 itat a .tn the alt hly tit a tit'itlht, rme

hIy 111V le'lP land wl'n- efintinuc. Ih th1 t NII' \ItIt' 1,le it it Iionnlit oIhjcet ..

( lillti lage , t it iln.
C""I rhlorophyll Paint laorref , -ltropholmtrir. Alln utitatinal rme-

ernling lIlitit.lowtrie stwctmnlteittttetelrr3IA manu-
l... .Ioit at ratnliittflate painti nwilet I roan rel, ftetortedi ly litih (.elemral Ehtitriv Company WHO

rttphiytlldar lpltin ita, terial hald lbvee rtndurtrd intilifleil Ivy PI t ts exP,!il ito wavelength range to,
at Ilarvaril "' it - fair PDP bty Kvtnieth V. ,.tmer the nvam.infrqnil !-iats.lral rtliin. Sulma nitevllv
Thintioia. Prititising !atto p hall ben itndte ,. -'- Intocrel.vniral Cqinrlitrmain. a rinirartor itt tihe
tCall Irojtrt. anal it alilat.ami ltlIt a rtlatively i, -i vD)RtV Vi'allttat, ila %latmit-I, n.atlea like hti..dlificl.
iniunt itt ailditiitnal work aitightl ll'shaee It "t'tt lion ti ts ('elneral Electrie oltwetlttghtntiminter. W)itn
having the x-.-Iri olw.'tra clharartei+ltrt, of % . Lotn v'amtirrnl a•.It tlw lalttr inatmunuiuut played, a pri•,i-
tion. I|iagtuisih.g ihlat such a ,Imint wotll|ul -Ia} " uhtf lien tart ile eateniavlths pul im• i t lls th a..-sihtc lth,' ct,nsi.,trtuilun o.f t~clvin'mlin-jtrualfleat~tulale i, ~ ei it.OJI&~ ~ ~ til-....-ufii i.v At- 'f'lin,•

in 'egetatcd arro., la.'w etnliti plareil a shoort tero InafrrriI k,$eornetir. The usc in aerial eanweras
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THE Nblftt CAMOUFIAGE SEC'r!ON

uf P1vtiottgraphic filmi sien-itiv,' to' mnr i.'I ti:l it 1iitoliiaticr teemtriligi'. tltt~'et'cttlii~atnec
necessary toa evaluate, the rdiee Lanvu of c'amoiuflage wvs '"1cignt't M id partiainIly Pottoitleted b y P'l) .
n iiteridj it- tahis spect ral regiov.j Aii hist rinunwt fo- Liitter, lit 'lit- n- ilii('t li the Army' the hmini~ruent
tlis purps il)O ts a desigreft andi nearly ei'oaplett'd by3 was mioilplete b'iIy th I C lecti' nie4 ,'t aif f thle II;'-

P1W. Littet,,a tiit* ithe rt-e of t In' Arm y, theia'Instru-
ialec t wits~' -Iij pl-t titl bY tite elec-ti-ollie [IIIII (AT t lie
R~eseairchlmlu~niratktorxe of tite Interceloicika Corpo-
rat ion miller Cotntraet I I NUtr-697, supe'rvised by
lit' semtim i. 'mwicompill ete i refi'('t onii't i wit. set up
in the laboiratory' of the Matei'ials Brai'iic of the
Engincer Bouri tii t Fuort Ilelvi iin, Viriginiat. II epi rt s
traiI1 tlht lahitiotory inIeINatt. that tie o, itsuiment

wa ncnti it hoihu lvwt imeAl. ald 2 a e p o o r p s o i( el c o e tr t labendsrIi ndii ntecltitrsrpr."
Iw m:2 nrw elci iii ruw1 lttai

I i w n titI 'tl ra o' I ., hw I. Ow ...'.. ....itw'v-i I y I III*

nocu atr ltI i n of fatt liti v th ngilt-e it-m ica lririjt'-

wiks dr livem t oiii the it eriti alit ian. tt-lirt If thure rEll
-hnainViinver , M ie .Forti 4 Bvoir (iriniot.t,. ri~t- rtm-ti.i

I F'i~tiiaI. ttit'tvi'~ tt'li't ttitt'few - oter , i' t . rrirngr i ete upA.T ithowitt nt g PIrejli'tticil
t.. .' t~.tti .g~.'.1.. M k, ,h,-.0~'I I tp n to ialtcr l (if IIIruntvt. 11tl'i ei ng. Ilh' lll11 fotauirti en .I'

~t, ~ a in t i.. t ur Mini anti n-''m . it( Clitti'ter .Tit , i.tri t .1I Urortby (ernu~olor~e . Am~iet'iiIretn t enttat tI. dm-ri-Ti7 withSR thelor \itt.a l KiM il

flat~ ~ ~ ~ p~u" 61rfrto T1o uwllti-t 4~ mvtii tinfth m-I. mmilved tif ipednntorti''m p fl t fiel F Igirr4,v
c~tt~i~illtithuli.1 1.tttri - #. 0i low 611tii ..1 inttrl,,a oits ' 11sorrib in Catr6 of thill W 'hri an d nlci

U.1. - 1 -ai"'m I. A#-i l~w w 1% . fie o rial tite. lth sti li D P lnd ier tilab e u

11o 11
a416tf ilta t Ir ri!,isr p-r lI"el o n
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No, 5444.1 After the wialr had en.lcl the s.,e ro- sat i !w,4' !!-' ffeO :4 the attllj, sp;l~c hoehg 't vrtir:,
geogr'tph % as given by OSRD) to the Naval Research light path, aidnl the other the eff.--t along a horizon-
Lahoratory. t;lI liiet p1ath. The first of these cases is etf itapor-

tente in co~lved(,ii with thite visibiiity from air raft,
AMOSPHERI' SýAWEJNU UP' Litilli and till, s(econd i.i typicial of tilhe a.-e oIf a ship at

Sinet all canei.uflage ime,?astuite atre viewed t;lrough Sea vie , -l tlt- '.,.iz: a Ciite .is 4 and
ailt intr•venilng layer of atmosphere, the efftsH, dte 5 of thIie volume,)
to at ml is", wric scattering (if light govelm, in la|rge Boeth the A rmy WPr eject C.E-24o and the Navy

.. 3. rw-fin h

g.'.ewi.y .4*M.i b T. F-l " Nti .4.ewe, ( . %I . WViui. *4" .ei 4ee 1. .0 a e.'. .ee0 . be it's i O .h .,..,

W.W.# t ht ý.r • I, r .u limiop II #1u .11-"l 4.

tnrler. lilt rlmlom tolernt" , n ia n, illn- Ii' rhev I I.tN4- 1411 rI.jeklwtlIfile 1w | 1,ef1 ' lap' ,rit bolh

iintoie In eirle|r fitmi tiilit(s ' ar(V ittlitilti' -el flieft' . it. •'Ikc fl It foun t`.:nt' .. 11 eif lot, .4
Itsirnarvme. PI)P ilievji"A andl built a nutulwr of hage reegutrajet utiwtle atnit rlmeel-rl ro iStratte . A ,Owlln,.11

bozr h.iluoltr It)t (Inc reheim in Fivl' Fe 'riwri- nary eInrvr (bin ru'tinos ft Iheiuncwntal cl 1aa and thre.

6(i'r were uw4 Gic~fr viewunittel *fl lslclcttI!MrAli(aii nr. whetal ."'Alo~wntse ' (If IIIIt#%.iiefl~iel .. 60iity IH t ice

ourately reelumrl calt iwlv mlel. ol. -1 Imee it lack of( flt#% oani tha' ooet(i'or further

Two imptelant plino" off tilt Aeuly, of atmnwllwtie i-'lfunent W Ilao !lwierv.
cs-ntirring i.1iy 1w .erianremtriv alenutIoIc~: line nrqtv- A Ilmirmic~al momollyho if( thei' vof1c aimg a hofi-
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..... ~z nit at p at h wiihin tn in *ttin,..jilhure %vas made 13

(Seet im i 2.2.11p, andt the ivlb T(ive wre ~ umressed ini L

cons,(nivnt fini in n 'r uwt' Fo r an (Jxperimtentaid verifi-
-. .. evat lol, it 'vrivý of b hick anti whi te UWrgets was
-~~~ ~Trectu o n lthe shotres of 0,1 SI'~ rang HIa rb or, LI If

61:111dI New YIWLr, at raiigt- tip it) 6i,000) u rt. In
vrdeir to diterm int th ic apparxtent tnt rist of I list

It'l. 

C, 
'I~

i t I

c It-)

__tA .4h-1111 i"o 1W111 ~v6x

Tl- -J , [ 1-,1-1 *-1144t

A-..1 -% i0 16vm 6 6 ,-.

-v_-

IA I M A "-t n tilt'p-6 61 11itc llI tWliii- IvI)Pk

tltmt'tar wa. Imlat, i$,Tlsom 2.2.31. th.,.a omumnt uit~h

retwlt"Iv illuing tilti* Atitil werv twltenhivt wilthblat
I'll lite IIt-re'tIluiN riugartri of thr ltmuinn t-L,'vt er
Ititivilr 31 in a wns'u Wl nernilraplidtr rhartt

It itmtive, 41 '~'rmI .tltriritil 1m (61r U.' by~ lthip, at

Fito. m 4 The ntaiuw-wwtst4
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seture :t .1'ety 4 hiatu with the slpert troy)ograph, t he iIIITSh Of l s iT 0 0W fi liii usuaily

inelutlie g hita i•n die vertic'al scattering of light. usutd for aerial ,e,',iin.db.- ,w'
A B-17, hased at )rlandlo. wit-A us.;igne.d to work in The nivasuri'ment.s were, made over ,I siries otf
cIll it.,rati.m with the monviliers ivt tile exlw'tition, .hoals which fringe in' im t amt (if Dantu, I htrhta. A
which was uider the direct sulter'ision of o'ne i Io .Le tif huoys a. a unitr'thed I)erpendicula. to tile
the .,tit , 'ns ted'llitcal aides. By invitation, a re'pre. l-hottrline. ,oundinpgs were takei, anti stouapls of the
sntait ive of the 1". S. Weather Bureau aeetmiluinied hmtttii were ohtained. lI)itit in tile reflectivity oi
tIhe txliedition. A lahoratory for tn•i.r.'ssilln tilt. tihli tilit vta along this course were t )tain',td wit), the
itnIl leducing tlie data was set up in (IrhlIti. and sl'e(tAi',gt.'raplh, lith from an airpline and from
a set ies of flights over a' large gray seaht' laid Itot on a glass-.itit t t t o, at."' Thrl'..se data, -iioilur it,.
tlie Orlando Army' Air Base Wits noadie 'itp tot alti- trend, hav\• :ugge-Itd I.tvecta :i il'ovet'aillt s in pl,-
ote.(s. o 16,000 feet. Al iota lvsis of tilt, ditli oh- tigralhir t echlmiues bith in I ha-k-and-white and

tainet, dourirg these flights enaflehd tlilt etinstrurtlitn ill sliveial coltr pht:tograplmh,-. The latu aim tli sug-
(if nlloniigraml)ir crarts for prttlietting thilt visihility gt'stions tit the itSetion for iilirived technique. wore
(.f objects till the surfa'e of tilt' earth ais seen from furnished tt, the Navy. anti it is onderstiotl that tit'
the air W•('Iiiter 51. Navy asked tdw' hastlmi'i Kitlak ( 'mipiy t i l I'l.-

olterate in the deve!tnit anti teqting -if ne% tylp,..
tl:l,:i".rivury ')V" NATIMAIt. T'tesAlms otf sen.,ili'vd f•iri.mlr.ts fItr use in stirve'yitg un,ler-
nit' zl'ectr:.; reflectivily of natural terraitn. was wnter terrainl.

iieasured iW means itf the xpetrogromphA 1('hiap- 1.3.4 Cnlor Tran;ents
ter 5. Thlit'se data sert vv twt limrlh-s i1| they in.-

dirate ilint'dliateIt thie jtlwr r r'eflf'etivily for paint , lRetl'ruentativt, (if the Corps tf Ynginers r.-
i,r oither eamiatuflage literitik thlesigneil ti, mmatch quletel d die sissitance til tlt-'Camouflag'e .4cetiin
ativ !vi', till irrain ' 121 wh'en i'inelluille,I with ilata in exploring certain mIiyslt'eritus effects whiph were
till ammintmplivrie wat-crinmg. lfit'y enalif- ateetptahile l hi ing rt'lmrtdl I. ralioit•ittngt, artisits rtu'llning from
tothlratres ll iti color oiathi t14 11V Is'ierilhss. ('aliftrnit. whent' fr•t.urutitti, were in pirtjrt*,, for
('aCltllftlw' trmntoime tl de'ignlel in "e•osnir.m-e wilit the implwniing hatlles tin the Afriran ll 'sort. It was
tlme uil, to hitaielt llelt'r this. Pg~itirt ol"itiuld repoirted l thai P dart i ua-it l luflage :att'rialst oiftet
tht'rt',' evae ilt'ee•ttitm hly tile it"o coloir filters. r ,tlimvdl in all tlekt't%41 milaniewr when see n gainst
eitlher vislsally tr Ifithitogrn iealy, lit'-irt lanu tal'e the eamimfla.1 lWieig rk ttllnilI'l

Fii4d Slti'irs it F/.ridi nad t'iliaoraai. In Flur- qlile inallrtml,,attt e"Irtmilltt' ih the tInv. hlrr.
itia. tInt 'a wer..hh' tih ., itti ..ut wh tylval t•rrain.- .mm,.t antI uilh iit•i•vnt. tlrrtsum.ffully rm.itimflngvtl finr
ai flohl. frit-'s if - otiferitill anti tif the-iduztsui nmtt rtnifiliai., in thit thert. wri-v'' w rahTiwmnally ,.'
tr.ei lake*. ri•ers. noit. airports, anti tlie ionai. Ailli ..j'ivth rltir etra,it anlnin•t a ti'iettl tte..I
Tle aiptt4etgragli4 was then flown lit ('ili(ortit. leermin. Almhi-ugh lite v:,krtrn.t* Wert. reil'frit' 14t
This flilht W55 f-r tIie ft4%r ir ( f 'Aiw'iri•l iata it tin apIewnr ti any lt.ti -t $lnv ts miit-t rtovilp,.ily
kith, f ti. torralino mnt anvilaihh ill thil FAt, l •lat - %%it'aii V'ell ilt'lfl i•e 'kin was low. ili the early mitir-
roally lesrt ilt"'nof ,lilTv.nt. tI ' illt . *ii:.h •, ol.ift. ing or the late ftermnu.6. 114%,00 railf 16,,a1IraI.

ing sands. lava tINs. ifry lake, auth bruohi-etv1rtel wri. u0stilly -ii linot rillhttitisi. at lemot it th'eir lIana
a drt'; n|ti %N$$ t4t1ntailt., inrhlim•ii athi fktisteth tivitl ithut

a.nd,ii.,iw-rhaii Ieks

T.m ('Coun o1 t'Kam Salttml Tihe njWM-,ItatiVV* is( tlr" VI..Isirt1a *ttjfM

Prior It lite derlrtlutr 0, tlw exImnliitii-l Ito fbiot aItit, tioufrml -'m h t1w Asu• -nm••it" et'gm•h-m'r, r.awIrt'1

itt.. the N'etiam wa•s vtti-ii l hi- thw 0'ofrinttlir %4e n,,or trnlu'nrirtl 'm'.',l hew op1inill 1tt0Y
t ,f - -warrI, anot Ith'-tvihtuir. t'. ,.. Naý'.. 1,1 stittlv anr ntfriloatahlsi to ti o rimnal color rhlamq" that
usllat on tlw tip.vtral g'i|nl|il i-f lighlt "1ih-trl hty Imi' t'eur aM a i- 1uPa e tli;;If ,"*,'S tifiatisu in tIhe
iean in tis t vlcinity sit *wIambls. It WW. holeIl thiat i ,it ii ils.ninh1Y -ion In1. t. .,s tlhvat pru-.
sorh% tialat mutivt point thI way 'is lito ,h'eltpienvt tm•1 l mi'htt Iv ttt. h l foicr lw e.lrletii of nmaut-ti.

" -I n e w ihml m l4u iai r t m i r ia tl- r al ia l tl r i ,( A o w in g fl - gr nm lt ri l- t h m• t • w• ia l r x h u hlii a m tin i lm t it

'.ONFIDENTI 41.

T a. • f m i
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tilt transienr ceffect. tile.' Conrps e'f 1-nginet-'er r'- t. -t'of ;cge. kntinein. he4tl; ill (ne.'

e.1n&'st ni N 1)1 ( to Seind :1 fieldn expe.n it in ni to tine.' the( spo. etrii ruIn 'diii tint the ner in iiru'ti. Hon wever,

Ac!,vn't to s'tudyl tine transinennt pline.iot:'nn. - it Tisi inc- 11itwiel va:lmiiei. ree'n'rchi onn ('ammin flingi ln:tinnt. i'-

qttv'~t boe~re A N Pior jeet Coentroel Xtinnnnl no ('-2ii.
lin.' n n lt' i is rennedlne' a efter tin'te 'hit4 v~e~n' lit inn

hinln retutrnedt fromin tilt, n (-e~rt lirv. d osc-i1lewel ini at i-

r it ent itlied' Trna nsient ( 'olus' I',nown took' in n in Dixlc~-

nrt.- n' inet'. nnneisin ns prese(nt e.nlinti in e innwen-
I ral ing-rcennnevat lt~n tilt, eanhier it nrineri nlnineiil..

'ino, re'pi rt inisie iine'lules rut'e'nnnnnl'it I nt la vi t it I nl \ it'r-
spoct' ten inrnneednres in t(ne s'ivet'tinc eel neuntnnnlifnw4n
mnazterialis thnnt shnouild restilt inn reltinning thne Iratn-

sinu etle.ets ten it ninininunn.

n Ca amouflnage' of Wnater Surfuem,

A~ innt-dmin -I' e'nninnntnizngiing watenr ý,ritcvne.e.a lneetil-
it'-t'nvennn's miioeeizn ni .ers. ctie I by thne tine. of~ tiinni.-tlt-

9 ieltielung ii'I t'id ii Idng, puigmnenutedl iibis Win. -nig.
gvsee.'e tee NI W bye t il t- Annntrie'zii 'yinnikinniel (om 1ed6n Ii1k:6 Tn'ie;e4eneikeiel nte teeetn e'n.er-e

ininn. Jnee. it WinS aVeli kannewie' thint 11lee e 0ii' eel'e.'ite' le"4 k.'i.ee;etn~e~illneee I tf l eec.1111. Ne,'. nitee lnvulle-

vre' amoneng tlnt- inrinveiuiln vi-ttnti mit- teo look eider in Let ne'tle4'hlleeii leeden Ilee' eenie'ieel tileeci e'! till teneene

In i'at inig tine.'r ft nrgett it, tin'h'e.t ieetintm i. vxleertsil tine- inn-

tte'rt's eel the. A new in e'nwnnhe litgegt inet'ip.irn's for jim ie i oee I--e lot. dolene' inn 1942, %wnhe tile.' NI11111' C'aim-

wft'nner menrf-irt-4. A fte'i ineing infoerimally ativieI~i~el in eunelinige' Soelin ti \to te.n'erguninze't. Tine. anailyne ine t thet

.tit eettieiin t t nene'e it ''e el thle. ('am fnttneeeing $'4.1t icn sitlia.&tie in lel' tine. wmew s'er'etiton Altimee'lti flint

oft tinte Cinmngtnsr Rorlesce. Foert lhe'l ye r. !lwt tile' meilk. 1.' A in lo 'ranto e e hoteintntle lkee fountnnl n'nenniabe oft tmak.

ive'e oft winter e.'nmoteeifinge. wmtn eof ellinife' intn'ret Iee inns pilianlli lunnttitie* eetit Pke'nint mitnuite leer fieltil tx-

tine.- Aritne. miod en lte.r -I*irvt e i t('~ ce iteetttii nl eiont rie'- ne'riennen. hy tetie'r e'eentrnettero -if tint' S4t''ioen.

iterpe linde elsn'ieeeeml tlint tinte Amnee.rnnnn t. vnnuniniei 2 oi. npri~en't.it re.'.'mnti'n n'ie.inieeteu Aenemiel liee. gjI'. in

lte toceinetirt tine.- ne.t'irt-drl mot'ee.'nisti. anl (IS * riti eelt rate ninfeintttki

SI:i0.Mo726t wincl planetAe with tite ierlienn'iantisen 4144t wile l ie th'nt i-ioe'i.c'el Wtilli tlnt C '.rlb, of I'ngi.
$e.ilefenvteimK. pt'il'iit'nlinng filitine 4'tinnnnineu'i el of Jel'e' It.'ll Iee It rtn'elne' I in'eje.'et (-2in riniltti

tremntt'e1 wetninkriene worm i'grnulttervl kindi tt'tneil din "C'Paneilip'iintc andie Pineittwtiot*, it) Whirls tint'

j*eeflehe 1.4-V. Filitri' i. flatt'r. at hl'it-wo ea e-( Aultnr ""4el Arnlny neIePt'i flintc thneem."i'lneiitie.'o i.V itien'vilitei.
jr rjtjl On~ ittie e 11ilit'in rol-11nnnn. ten tIlse

anisinje inyt~ let' oel anyn etniect. A lholsoleift e thionine.mmi' 'ic. T te.etdi 11inimnesKe that1 nn at1tr':nlnt le'r Inside

Ihi'l t'eeilnhtriltt'y nnieee.nan'.'c 3) "Ie ft 4n Waterf outrfstrmiste mt'einnet' Ienom lettle tnits au' t1ine iunnilow' tit *itmuiinroll

"Ie tin t'etim"ntatt' notel 0f tilnnut S orl-tlt. 'riwe." nionmte- eniet iott'nnistet olnipguit'el itse mrcee:e ittn ' flo 'e i~l.

hrcciiie. el tine. v'~lhrilixtlc are #t' it"rriiet'ei in RIteinerle4 i' inn eie, rooi111itmlc Itnnn.4111t MAe'nti lee Joe~'eln" ;e

reettid tee ce..eii tit tr'nntr any' elve'.jnl sie.'gnve ee4 intnmn-

Cu'eAd Point ne'ý. A'l'-ai~' A v tt'tisn nnn.mnnirr rtr.'-rtc'i tihat rt.-

Tint aretiwnvo me'it( I'M)' tlnent.et)#ily ar tto ilt ' like N4 r. ..nrtta ci y 11.4 Rie '.-ri it'entln Imitierntnn'-nn- ee

Antiv antl ie11o Ist ,niuntntfu"rt to( e'inolneenfrlmge ainw tint' t~let'rltnnie'noiri I'eneerlw timt lit Ncn Yeerk I Y'.

Witlline gireeeotfn e unt hi rnn e'ii g~ t -int ~ertimn n'nmrir. *nne.'e tintk m-i.enmi'i iiniinrnts~r' o t it lno t'eweisimay was
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tnt of th fe' iN researcli groutps is, flt, he iontr l-:' o.- tii' .Antivi wioF rev- i tit I vtifrmitety withi proesent. Armyv

ipetroohot I tonietric equtipmetua, a i t cnrad sleife ien.t ili OI"',

(0 I 'tr-t919 wiithI till, lutevii ehemical ('i rport iti n

was drawn uji whereby thi:s I horatorY emuid sirjk PtI.%i-, ( ONdEN-I HXlIC

hothI thle purpniv inunt ic iearlijer. Thei Iitt'iheiciitiiil ( iit]iraltiofl fiirttiulitetl a

p1t ilt that ('alit lote sluppow't ii Immder lornii iail miixed

SUMNMAHY OF (. Ott'tETED PAINT PHOETt v:~stitht-r withi witter or with pttiililt. If mixed IWith

'ni Ft ughioit the act ivit it'. of Seet io n 16.3, Ii~- gi lslItit' ilii' ii tnt i- Veto lily vvt'iiii l, rii'i'with Iiil5( -

in atiti I v~ stitinary reptort.s werv issitedil l accord-.l ue:tl os.to Y(U i iti hr eti

wive' with NDI( tu *ivy 'ni [i~t reuport has hic-k nowi, ea.sily retiilivabllt paints are' .hsirel. The. Niate-

1cdits i t~ patti-ttt for the- fsrl1liwi;'g 111mlVitv~d i--t ,dn il tI-iae % ig l
tani lvat i-int jlrtijetýt v.iiijih't-41 I~v Met-mitlit1. tlitl ltuli u h lb.,trtgsli i aid~i

(if NDI )t. hitiall izisos. the porojvi-ts are hilly' dis- 1~ la "i'it pit* hi ii rtntget ati

rui~sed ill the vov i-itot i'tjs 1t-pot to warranlt their stillist it itilit. for the( ennul11sitiatic
pailjis II%- now eI.Nt.i'l1 lby te.tit( eva.-t."

Lighut itijillent Illioli na1toral tt-rraiiiý. such its Mosut vitiutnu n'itm -An oien- whit-li ap~lav'r -ill

grisslanil- mu, wi'ouialtih,. is ow'-tlv traplat-il liv vistial examinaiitliii to nitiviatc ht'i- viltir oif e1hliro-

oit h~ xtu," i tilt surtflwt' 1'n, -tul frait-tion uut phlyll. art-sei I't 4 lOe 41lijeivt ion Owl vaiinniolttget

light rt-lveeh'tl fromu sutch lvrrniitý ILas a gui~iiqithiito- it-i'ng tlueii, is ri-adjlr ihvi-tesit lay tiufrairet ptillt, tiL'

nlt iie list rihutitiou .tititu inilike t hat titt 1iiiitud stir- raliihv. l'iT-1 ihlhetltv it lit' ii1t-t liv.Uý11 u- ag linit ill

faces. thie' --filri- ewi'u'tiillaL'i t renitiowt - iiftivi Iin- '!,J !.. "*y!I itclf jii-e' a I. a v,.dlriiim iiiatt.
vo~lv. ehd imira t t'text uriog lmit-I w imrs stch i its lit, ria rut I iii in1.3,2t. Ilot-evtr. lit.ft ie rve-c t tuiit it'ihu

trechjtitil f lti tit ilops hitivintt n texture. in t niilinte.! IV lilt- h lrge- ,4ale i ieh lii.itiit -t~tivi it 111611 . tilt'

gariliiltijng. At t lit. ittIan'tui oh' ie t'it N.4tion.I lie t- t'F.r ( 'itou ut1lai M.t4 liiin wa' h re,-il Ivleters ht til tilt- prin.
rlmtci al I ( iri itt ion t'I'I-tiivet I itie ltivi i" alif l r t' l ma I iuititi uel ri~ of ... i itemivi piqmoi~l, awiil st-rurt-ti

v-ihtirmutiie e awtu iii~l iitttlini' j rivo-r It"ill. I timutit vtit'aiv. li..' The'wt Atnut~ilesv %irt-ri vtdet I it 'oh

~if t 1w Ftigim-tr Iloiwr il. Fort 110id i'r. \ im~soliui in t 1 it-lie ii t l he liialotIiwnt. 11-t ti'.i1ih. tif lIxti. ts-01 amri
ithtrit'flintil~ hititiilt tile liiliftrfhio'to . of "t tI'etirt".1lbrut1UIVttinl ioi th linal relkmnt tIf Ot-i t'imnt irriettal

lvii. \%'A- tlevi-luitiietl iilirlt 1IwIst-Wp- 111n111 it lith- 'lme'"vj'I ti lil$:~.ut':Ii mc:t-
t li'.rl oilt icIl lut'iwrtiit t~it'ttioitt 5.41.30- . Militt'nihi t-~tlit~iting revri'csldeilr m uir hng-,' in

ri .gtiuati- to cl'.tiir in tri'tih-ratiune tuligt leitvt' ik.tt'

Tit.li.-.1-rirailit ' v ,ni-iltti-jit fit- t 4 tilili~tit 1.\i-igliI rliontg-. frini 'Inn: gn4Ki ti wk-'sitiit within tIn- rang.

anal hiulk iof wonurnI utifiltv ritiultifingi- lImito. (for 14t triltilmmi.'ntr Isti-n iilwttw rnint wintern wiglit

I'. tIlli litIm. Iv"tt nvilwiign 1ii lsv f wi- o ehtipitit"1 14t ftinal nlppliu'ntiiini in ertnuipltii'r A ttrvrv' wait

lutlitol t-inllnving tnri uilail' 4ihi-uin-ooeitii vehui- intih.- of vl t-n Iutirttti'. ii tir iiiitei'nkitle. Ill gui-r..
-li- th Clln -i Ita' tlinmAits i list lit-hI. i11-1t Wt- ills Watrtr iniplt it( u'thlir rutimne' sit, shiilicil :n 1w'lorifi rat.".
,or %i ith gamilltiv. Wheiun fl"' ( n116iiimilnuig %Mvi"riii --1 -4.~ nit i' tntenal. -xi-tri sinthwitirih wisirl'I i'ihtihit

owno itltniranual. roiti-iial~tttiv. isotiloit wi-ri- i'-ilv utii.~lti.Nt itt.t 4nijrtnit. its:Ihiint. ii

Iwtitnr~nin too Iw. ttithI I-Xt.'nively. anai aueti:% tt'iitilbl"- doo trti' teinsranon "fast$- ill ithtilis the- m'ili'tt t-hrtnio-.

itt-ti mouttnow .,tI. At thii miluiwt 4i the Fnignt.'v tInr 14 wr- vit-rin- ifitt-u i I'

kltirrln-inirml Coigialrottionm invt-stigutis- 1tvn rh-it' . ataxA mIL . ia-v'i~

loituki-a hirvlviruiý t-. 11itguwttlt'll V111ttilso"ii. -. tali.u.,' Sutuuirml mtteirial. muitmilndit iti titi- hil-hI ate itfit-r

hmiri' clu-uiit.flibhi- huiimil an- moit lol-ing oitiluilirtil hot tist till footr-o'ineu.isaltj r r l~. To, esw-i'r u-titowoih
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surfaces with iat'tri:,ts sie ai diit, leaves. grasse,. light beams. 'i'h inferecef, to Im, drawn iroin si-1 a
met., an ailheCivC Ws ;T~lui,'`! that is water r,.i.t4ai st !t. Imrl i. thr;, if tl.e visibility of aircraft is to
vet readily remoavalble, calw.he of h.ing itiodified to he reduced, there must hb a reducti'n of at least all
'Atlit tite fielt rctlitior,, atwl Aivt.dil., availhble. At order of magniitude in the diffuse reflectivity of
the instance of this Seeti a, it t..ieitil was f rmvt- corivett'iYnna tt- , t r' h ::'k fintisha.. Iuch a ledtictlioi

late,' tlut i,- ttckv, water 'nsistant, and inexpensive. ha.s not teen found pissiblc with a matte surfare,
Thiil nmateriatl curn iw thi, net withi gasoline to the but it has been aeconplaishetj with a glos.,y surface.

apprtp)riate c.naiistency be'fore al1l',ication, ntod its A glassy black enamel was developed, wiurse dif-

fackiiiess c-an ihe controilled by the aIlition of ey - fuise reflect'ntner is h,• than 01.i Ier rent. Model
inader oil or cranket'se oil. The anihliesive call he re- tri.s it the Tiffany Foundattim andi 1,ervice tes'ts at

Iln.vedl with yIasolilic.is" I',glin Fitllh, Flhrid:i I s , AAF Ptv'ing (;rot nd
(Col.lltlitn I Report SeritJ IN-%. 3-43-111, A A F |leotr,

('LA•.V Paw oj-r Plt'jvct No. i. I-I) 171 indicitte.I a high iItgreve of
Scales and Iaeticles of Iltital instruinent.- fair tin, sue, 'I's in rendering the eatmit•itfl~aatd plane invisible

control and Iother puirlotises itre often I luiiiinatetd I)y in searchlight lwatois and in iinkint, it extreinelv dif-
an inttglattilag cavity containing a small lhaini,. In fi r..:t ftor i!vtlhight oirnot 'rs tat fix id nI4hiot41 fll

,,!' ,a It\'ity, a white patint refleting 914 IRr titl t lie idant,. O)rdetrs issuel front the ellc a ni iiating
i- twice as effivient as oiw, rvhlecting 9 lorv cent, al- eiencral, AAF, rvtitiretl all U. S. night, tighter!4 to)
though this diffetot',e iii re-flectition factor is 1,arely use this tanaittlflage, and proeurelient sjaecifieatitins
discernibil vhiv': tuL two paints are \tlianativ \',- were sulh.secquently isstled by the AAF .Materiel

uailly. T'lh Navy 1tirveau tii t hiaatae., m.tight advit e I 'tliiinautld at Wright Field. At tho rt~litiest if tihe
fLoh this Sketitatn etancerning tl lplussa'lility 'if st- Ariny Air Foarces, slecialist., wen, .N'enat y tile hat' (D
ctoinlg white iaints oaf higher reftletivity th an are ()illce tof Field Serviee to the Fifth, l-'*1venth, T~iir-

rt anit, -reizilly avatilable. The Intrechtelitical (C rlk- tee-nti, attnl Fouiirteenth Air Fores tl- suplervise tile
ration was kllown tta have experinieihtel with A aalrieatiaan f thisi finiil.u Ti.' A.,sistant (Chief. Mis-
lahterial ralledl Ularay, whiih ha*• a reflertaloce rein." vellanetous &.tion. Proving forotund ('uolinititl, sit.
five tia niugtaivitul oxille taf 95I ir tivtl. St, s-etlt'nt jIervis, 1V ti nll);itiieatIhn of the anlataruhlight eana.

work Ipr-iiret! a lirtitirl having at r ' lee aif twiillage tit aircrrft taf the Eiglhtl Air Fitret, Ei l ;t,•-

98 lwr cent. nd t ntnph silt were fiar lw, it, t l d , ill n tI nsra l ht ft. the RAF. lie altw, viA.
iurvau olf trninanre anti re.wheln..a" itell all U. S. Army Air Fotrre enilagoi in tie war
.a$,'. PAINT %%thi J1l61t.1, wherV he t intrthittMtl ait iatirchilitht

callmtiflage and .ularvie.vf its initial appalirodIitn.
A now tyle if( black pigltont that rt-lim net' h TIt of this rcametlage oiwa-tlre were, canhulrt,-aI lay

flatting agent was devvhltaril anti incrioratetl in I. fit Navy aritantwnt, Blhreau If( Aern-naatlic at
plinl which 1.0 extremely nmtel. Nael which rfl4"t tlc Navai Air Stati,,n at Paltliieln itver. Miory.

only 2.2 ier cent of the ineitent light inotral of ltie
4 or 3 rr ce"t rhararter'stie of taitttrt-ilyla-tpe iniattv lani. A final rptarit. Tests q/ At Paoin Nighi Conm.

'lelrk point. Thi. paint amts It-stil no tn antisearith- iagafit. s'oud with til faraill lits fr-

lihght catnutfthig nownure feir alin-raft. hl%, was ftv.l4,i orrlle its the F4clin Fwhl tartu. andal aults fhlt lth

to he li-it llletvi than; #he hnthisiartrillight cntn,"- ,nt isearblhight raiiiaala is never m,111 visible

Mlostg rl.-eriN,-l in lhw leil ptrltnrali, llvi'r.owsp it thaut i6 ,tttv hlacrk tntlor namalhgl;, r starlight.

appears that this "etfai ptaint" stay he tauofill in the Th( Hlark witithw finwt,. u it roru to I,' he called,

simulationa ,tt jhldil,-w ,ti the gr dinel. and at the was widtrly nvtel bmoth in the Euntr•-tsn fli ''r of

rw'qit'st .of the Material' Branh 0h the ll nuit'Wr ,tivermliono softnd in ltw Parifir %ar. It •i' o .iilAt l

Board at Fitwl Wiha'oir, Vitrtnia. inful itoin wi h that !lis i'atiotai -..a lo.l IIvI int lfltat: h I -,y

furnished that wiilhl enahle an Army linw'oltlrr t tille IRAF during ltw vieaing montho 4 the war and

swperfiratlit to be ssittli.'" tlhat during lltr .onnw peiatrd U-29'- wr-fr tIt-int tin'-
dcvid with Blark Veudow ml.ha. I; !.,tIrlh,,r f,...der.

A"Tu•Tlw"aruun' (CA1aurAKO fo,.atl If-- 'lie Atrtmy Air Forw hoave iseurd fltand-

It is a farl taf cn.."M. cxl-irrnlif lhat PIR Mack- ing rriievrs that all military ventbet airrralf:. ineluth-
painle$ tirtlir 1 lIlk wkilr WEkS coi#,in *"t rk- ii- t he-alh fightr1 a&Id lmilloIes'. ittntut fitv night-

cONFIEg3II ' AL
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tini' Atpt'r.LtiI Shfshll IW ;vip ith B lavck Widow !it v.Ii U(f twii i''.liiftI ilvel

finish. Chapti;er 7 oif this vohiniet k !evit ed to tihe ýlieeia i goiggle, "i mt till' rogr t at abl e p' 'aroioi ýt'rvvil~

Black Wd ow pruiWet *"" !,Jill provivi. %e ithI nient- ftor luint ing th lit'eltj of

vie'w iq ord~er toi r'iltliwte' i ti!rt' fritin the -.irroond-
SELF'-J t-M Njus Nittar (A1'Aw l.FI.4r.t mg f'iew. fleega vgrsa'e, ti*stt'i by till Nav%.

.At the tinte of thlit reorgan izat ion oi NI)C ~ti(,n- :tnil it was coem 'lot hit that they ili ii not Jtr()thle a
ot her Qt'tt im of XDl) had prop~tl eile tilie tse (if .,elf- ,i'tt in ipr' aa-iiint in tit,. %.;ig liy v f -ýI lh.
luininrlloll paint as at melans tif enaliaii i airc'ra ft toi itiergoi c raf!t toi warrat ut their adot hio tin. in view of

11104Itti lel. rightnv~s (if tile !light i-ky. 'Exploiratoiry tither ii~ei iitlod oft *Iiltmiirinm' :-vitrtul Otil% avtahiia".

converqatitins with Artiy %fnt ILNVY IM1itr0minfli

trtmketl tonly slight~ inlvrc-tl if lois liroiect livistin". L~Iaboratory for Cit-niotiflap-
ably liteatist' it difiv p ear t fvil~ to vt' in
tile lrharalrtvri.;tiv.s (f a stlif.liwi~inmniis paint w~ith Field Studies
lhose tif tilie '. tit istanehllizhT laintt. II I liev 11i tel. II h i lut itviit'- wioeuld late rt-q irvtI t ior

11ialkitlig zta: 't i.n dIv tit vilt. !hv C(.11"111

l~.?Caninuflage Detsection Ihige -t't'l iion Ilaceelit 't'It vvknet IO EMl'r-597i with
Ilit'I. .oi-( a.1l31-r Te a t ham , FolinftI ili in. i iv-4tt'r Bily'*

BiroeAl. (Go~t)( .ES Yottrk, At'tetwili, this etintraet -ervetj01i V ill t

IDieliriii *h t vr- iert' tlevelttiart't itiringti t arli deIf Iray filt.I ltrilt isp~ erat inig t~l wn-e', ,ef st.rli tit'lti
Wa r I a-, a niaw-.in for tdiffervittiat ing aitit ttil fotliage' eix rnitt lit-. for f lat. *riotaiiv Filltllillatit1% en Vnt'tt-roAV

frow en ciitifitige iniattria Is tef 1 lie snifire' ilohr. Stui i gtk\u' NIl tll- wiii' titiu its - -arte e title' till 'tilt
tilterts tcan 'atise foitage' I aiivjar r"A. wlat'rvt-A i~r- Sparinga litirhtmr without ramt 141 litk' ci vrnutiiit'ii An
tlinary green Iaints ~rainaili greetn. Flitrs titlinarily Art ,.claittl eltiricig il hit' o- 14f lwmtet'. tlie Tilftinv

(iolilike wearing thi'litttir giegglts herwt'a v ste itiirli 14i Foltetiignieli fltred thit aIimwIitvt liI IlinviltC tt Iinrilt.

tlei lAnd at1irfareV ils rea~ert'l by Wtgt'tAltitiea that tile lit' lit' 1i111111P4t1 eltarina Iliea' "at. it, thet'frr'mtt. offt-rvil

Appe'aranet o(f til' earth front Anl Airplane, ill on. tlet, 'ni titt i list- Xotvv sill latter its \I lilit'. Ai'er An
natural. On tim other h~andl. unkw te ,hruit' geegglev, ofleria af lat, vtaldt' lute1 ieshrati-t!t that tile

Are Worn rbtlioy. a Iteitil .i! tint'l i-i nctptimel urtatlitla at ( ly-alrr Way smiff r4'tI alnilahaiirnlike hceentit
for lthe eyes lit oialta~ tlaentaitlve after putting tan fa'r aliitti~llarla fit lit ttol:v-, Owi'aaieiittttlLm

tilt' mogl.'.. etit'e tta 11witi low tranmeuuttilnrc, Itijoettl rw'a'irrt %t a. iwitg~tt izar
gtgitagg with a tfvlhr~ajti' filter in the ltower limit li!
lthe laus, *nit & neutrol hhliva linv'itg Ilse tainisir tiio 33111J. 01,t 111 liltlilt %\% V'ol xiiiitlai,

iolittantir in the itiapet' hafu vir t pt't'ltIttltiAt lay lite 'nit, MnUrmett 4tnit litailtitior t-o the m" plila' (i '41hel
te it't in 'rater thilm! flii tv itory iii 4%a v'litwailn. Spiunt: llnnhnir tit-niti- A widet'iv va tv Itt.tIf .tillah.

tinily' fials thrIiljhnair fItilk a Iim nwy he Inta-nativ invtiitiol itnnds. lnun. AMt tal A41jaelent

brouht intono tis~ t any tittle, A J~nfumber tii ý,twth 61i. It#t list- tort-imeny -4 1the Fitustalitita lay' thr Vi-ment

fe-rtml 'l.rhnevi pu!#gt Wrri- ninth' Avnihaiti to, i 'init' -4 I'hiarle- Tiffteni'. whe, trornotraauy gIeitt-n ilti
anrtroifstit Ariny anal Navy liacrstnorl. artatiill teds4 Inl1 irti' gerfeirw-l ma1 i. 1el~l when il

gtitaVtll Il~al n1-1110'r stituilbl 1.' titn ali.y trarIIA fvilea
tll'i;t %1. Atil IttU iltt Driv,ti twx o Sit' " PoIroul",4ti nliaat ~.aitjt ~il.,. ltriInl

"M~ ti till %P1 *aat ir l' h .et'liimoth privalettl ati'ia1It living
Vt thw- rriliwt tol' thr Nivy. lthe :4rriitin Ih. tr'. oaId %otrktns larilatle-. (air thle rqujiia'inetta neiltatra-.

*;atlall avallalvrale tiareal mial.fo file ha -Idert'io~ his lev t",--' '1ri- itaj'ar I.'nlin taf lite n-ri-riurw

' uWa.trg'lfst~ltunit. Twit cnrrs m'4 "Ntne l 4-!' l.ent' I in Ill,, ';ta' vwbr~itaj4. 1a*

hitero butail so~t thit known tilticail ptngaorti"- gta "t-
visles ha~v Ism"- tehlitavnemlo vio-sanro ito intelrI to, l'.s, pivit Ait-4 ituam Foliots -

gauren-v lilter notro-I ',t -1 *tioha rt-w'i'a a.; ti it a. a 4i vttt'irtl turtt'at1 .a:.-i'.' .-. 1'V; Ito%

ilarktr Ilisn lteiw-*.%~ ltesnialhe it. tth-ili, thee at-natal `I- 'tnatli ta art-t iatuah avothir it, fiea w Anut-.l
'-Cri-.af, .4 ha i. I. 1tu'.atiea Its tnwra'tv thee Rn1armra-l r. irei- C f.ai rilt ri .1.4- f'laigralw 6 -in

U "uintrA., akheista e ha'41113101Airgal slastrijt i. ligltt't Iiton t-alatlipt-

TO 71%1
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Y fcoiot'mhn Tirc'::hoi, .j Kl'ion• b;git. "Th, water. TI,,, Ntzt%, I% hi):r -nt rnth,,,,d tht oiv.l,-
Navy Bureau of .hil,, ret iu.sted this Section It e•il- mnwt fur furth Il ...t.-, aimal n.kv.,l t..i.; ct',ticfn 'A

* !a:o )nt"t ill a stuly ,f tihl -listalur, a t which tih, r.lor t. ,,,, .itvr Cie pl( l.,sil)iItv of uipng thil Tiffany F.un-
* .,[f o.i rr i light.: V, 1n Ike recq,gnize i at iigit imln' Ir ,lation ait O.vi hN to c. v inkse. I nve\tigia j,,11. flis-

Sro411ilitit-n.• .f p4oor vishiblitv. C'ulure,,I lamlps pro- cl,.-v. t a t..a' .v lo..,t yaroi whvti l' IH .llt' fre-
* \'vi : I by tilt- Navy were st't up uin tilt, te. hores, of C'1l[ wIe utly are repairre. I. .1w, 5' tio•i= relm.irfo to4 the

Spring Harl. r. The lights were vj''wv.1 ftm a 3AO. 64 ir. iitrO. t flie, thnat it ili s.-it hilli. facilitits .it
yurds Iby a group of Tiffany ob servis ,i dark :ts 1iit ... d Iu,ind I ilicattei it. tii :.ne-- t- under-

* nights miiekr weather eniinotnrs sutch that the raitg, take ilt, ttsts. llHwever, a renl.cit fer thii wttoik was
M t viihilitv wait consideralhly ne'strit. l. rite itnm•n wi iii:in I, by tilt, Navv I[)Deplrtin4l1t andI wtirk 'ii
,*ily -if te lliitc h WWht vurictd i a il l 'lialltm. with ill- tlt, lirt, irjrct ".., 11fI1 litglt.
stn'1ctlin,!l emnumnlivtlicl'tte with tilt, ait of imilivT ra, io

"car.. A rel'irt imetirlmirating tlit re'lts It ' .1lillel I It'lL Ti kl.
4111rinlg the.4e cxlverilmentAl ias l4,n 11Ytlh th,,"lThe 11ntivtl ofI ,lhipý ri-fiu-.hil that l ih.rr','aIlIm-
|Iilt':ei lf il 'Ihillt. *'f ",~Il, *•l,i'.e.Itige. IW* ...- ' tIe, I-h , eiltyhlrt ,,it~ll,,''i

rin~litii-n tilt.ship nohlek il oriler tit tes•t (lit- T~iI-

Ship (iammmouflulte tive merits 44f i'ltieemilfagt' i lfit'lign.. rw. ,,ltiti"
2ft-,J-.elt ,'*I'r",.d .l I. 1 Figure 71 we'rt, .liV'eTrel lah

'AKVI, .t C I ,At.: lit,' ,vy is, t ; ..n '"riffial, Foluneatim :it I oyster ihay
Fv.nll alt low slel, ii iii''toil horlia,,lo Imflit i' t',It- a here aIt -r 11 i lelh, Will. iil f1 llri., rttilway wvre' ron-

"Itiruiu- ll' t'ttitk1 I.( it's lI'w Wavt'e ani1 %%-like'. EIx'iri. strut-vil. At a ,liort u i~aner from h-isn, a l'la fumin
nl.'tr. rnniilueth'l inft'lonliv by tlhe Amewri'an t'C- w.t 'n rrwtr.i fr'imi whiveh 14 te..iL'rv,. like amlel
Anamitl ciailamny havte imlirated tlk feg-oiility #., thliri1th tilt inwr',lrt ,llrpt' ii tirdtrr tIt simulate
p',) ing owtlontni til of eirum hlark frnii Ittl a i .l '".rftllo frintmi it -ilotittil•t Til pt-ri-tel-. aiml
tltern , in tii t atiti ttl fe ett l tite whilitt •a•ge rwinl.hr were toyililietl ly til Na"y. antl in-

Vm A W,% .- w mA w o -1*"ew116

II

-* b .* - .- .,Pum w. u4 .. . . . *.l'

I I'JINVIIII\TI •1.



14 INTRODUMTON AND SL 11MARY____

bitrumeneit.4 were in e'ttred i or det'trtccninig thilt, like- tile' I~tdciltg ti ige O ct Ihe U- icegS ccii! ini t i . "~
teort~cg~.aIenf it ioini, * ehtei einle ile visijhlti (3, at it wa, ; Imil-li-4 ,t 'it t I cut it ýýiiioi it ilpi i''iilt it iIf ii '.t'

ttce thitli .b;l*C1 4 'i .0itx W..t. tenitiv. A of.' .1 iii- uo'. h bel ulit'rcf~ired well~~ the'- leceIiieaditg:i- ark.'Mýiucvd

t-el %c L tiolls rt'su lti Inec tht !cou' i sicchin lentt tlike vwutcitr toicnv'Ep it. tih' sieeuci It's I ingle v'cý,c~ititt %%it OxI h
Alucdin of utinst ~ i i iiis ii w~m, i.- intivtitteetul int t ilt piitiching andc yaewingc of tl~ pla lne.
VJC'c 0,. 3c lleeeeehuite-ýr'e shl, )I istrvA I 'i wtn-se; in
elt'cer wielkici . Followiiw ng thi't de Itcriot iot, (if thIe i i:- i AC-45

serving picctfor'Cle. tile' bipoitlii tl't, wc'Il it. of 111C 4611  It! 'i-pi rn- to a firi niec tieleteM froneet lite A rmey
tccciilels by i c t reijuie' h urriecatet, t wilt, Breaue o f --heips Air Fowe cc tAN P~rojec't CoIiIntrl N ip. A('--51 tile
rccecmet1ed ist-l11 termeicamo icti th; proi-e t. Svtiý, Ii.itti-tlrueiI t"Ihie hil iiircti pry group tit 'Ilfetiy

tip i'xp liri "it-' ,ittgst vdtt wii',te etilurwi isi c -I .a

.. iSThe Yehsudi Prjct1 ir!.-I t .-icrterii'ew; wce'v cit toecH 'ci -"ii. ceimt Lilt-c lie'

pr itlcii ph' tic-Ii.t Ii -n ni fc I-.4-ae': lIi I oft ae sitce

" l~iii t~l. ii it cit Getrmanct submaeecrine.,- tip cl liv t' cit peimeti. Thepi Yvmli l~ i 'ri.jei't i it r'iete to bie
At aivii Ait' -itt r ('0let 'itet itelt'l on ofi tilt, mc'eicjpir pirt') si- a, i .t-, is It'.itwi m-it in Altie h t) cc iiiI Iecer 'i co it.
'iM ecf tit '~rid War t1 Opit. C~(atmopttlhcji. -ývit ii iW-11 c, thcre'ec 'ottel c-et ccr'' srIt-xr; w~viti'ec� tywi .c nt tilt- m-

the Asucic Air V'itrrvl tit t.iA.' !ti cc etiedit' . oit i'tee' ii*ta cltinei 11%. 't tile vclI r 'eeita le llivt A rmty Air
flap.~ ui ec ik hI 'lnI t t -lk~v 4 - 1.c , i i l-~ i ft it- i'iicv, tit sh'ki i st l top't Y. 111 l niiei' ll il Ii fi ll

if c'~fi'i i jtH30 Avoctlie' 11ili Ieet lice ac it Ac stir- A 1144 : iinicliir. F~iguresr- , 9. 10e; Art)cr A~reetv Air
farvid Mtieeiettie nttefo t~f ilt-11 . i rc al It rvi'teeti vci ilt'v Fllpret'I wille Itoerel wits - thit ~ii e-nll~etulai'i,.

l'stec'ieiec'o' tii tilt- C -luicct m'-w. $ec-ie cilte Iiincrcett
wioi'te tlYig Ait aiiw v'i'c'ctiiit. ti~vir "centsr uplivwinH* Powlixti N. -1S
diicrkr thanter -1c ky Ipritie.rtitini, 'vvv i'nclec't 3rninto.4 ( timtkiiciettj ef it 'I'w'rdo itiiuI.n. $i4i'rlitir 164.3
while, t'alrc'tli'ma'hp Alloipui l tha ilte II..tucwtr ".1krti~n ' Witt- lvqtcltl.d s%.u lik te .N~ivv Ilk ci-'.tpt in e1411ilr. ti llt?

C ot plec' R %kt
fit iih iii tlitigi" i'~1~ te 4 I t l' i f oo. t ulci Illcw m~ p re i oip l wi c i ll . its crlte Al litt il t I -( . t ile

tce' iikiaJIliglct" ior like 4c104mlccint. ill tor nI-er 'Jui 1'cs'l n~iti inth ~e tirlCctitiic% lIw' st. ect i. It i.

Fl" A* " -4 bgqpwirq I 1sqtiscsl utli . "umei e'iquimAw I 'imp.' Ask V,.sev"&. r sek I,'p
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Fll't:}. Yvml~ i Imulnl,- Ii"•,lllih'd ilk fill. I1'1tdiln ('1111' (if' Ill" winll I, lh,,. w th,.im or nit,.ll11.. (Amlll, ,Air Fort'"

lhol Ograpll h I

..- iit'-t -~lt•il tlbat ultder cndlitions Mlih that ain an- iletis, wits at t i s• t il'd by Navy offietrs friii the
(.... iiioufligell plllin i wit., viihl, it aihtaout 12 miles., tilreitl ifl -i 1 i .n Ii Ihf Shipsand t iurt if .\tra r'tiiiir.s

the pla ehiqll euipptl with tiis (js ci1n'iilttge et illil ilp- .hiuI were inlterest e•tI in tllilt, Visliiblit"y oif llip 1111i11

pritach to wit.iini 3,0(X) ya sIs without detert it tini, ia iirerail, It wits til, tciisss'is of lit .. Section thlint
eveli wheln its is'. ixililsiat' hlvillionll linl beell itill. it wont' Ild hIe itwihlh tik e binitilat t,,exivi ng in formitrit-i i

'i.tt 1 hy fili nleeii i "in'il l i ".l plntralnt idia til tilt' ptl.;'pt tlil capacility oi f the hi•isoiin 111olw'rver

('ii•moton je of i (iflout b. 'I'hle Navy li tier re- wilh tilt- k w•l liaw tif t sitimsllitrie , iltit-m in ,%fllrh

(liektt',ed Sectio in 16.3 tott dtele i lli iii dl i aitll Yvhi lili it Iin.ililisr linitt c'hart.; find ttille-, f wr inli.ie'ottting the
amioiUtfliage tJil ttit' bI.E ( Im 'sot irtii rih't'tl byi" the \isil lity if lali I' t• alrgls s le 'nit IH, lprt'liiiel. Ai it
oluhl At •it•nitiii I)i visit la 5 I -iratt. lid & (H'ed ,11- &i ufinrn'llicu caril by' tilt- Navy ID etpartmeit'nt in

itt',,I etisliirtitted, D eiep I'iver, (C'miimit,,!is Ali Wistlhinvil•li, tilt-' ,it't it'i 'lint was sktil 41'intiler.
HD ointr i'i et was llat't'iI with tilIh is tiill •w'y ii tiakt' e lre li arat it iii f silh i sel't tif rliihrta isil I

l'dhr t l t l nt t(if flt, exirimientiitI I.:11 (I imlii titilths. Thi' .,,\va lrnti arimu t iI it ititilli y liv ri tlmill-

be('ing blsuilIt uisiihr It N it rvy ivtatrt migitht bI' fits' t try'- i11g NI•)It(', tilr A / 'N Irtijivt C'i'iimt aIN. N•,-14.
tmiltippl ! %%l ll t ii eli utili (.lluiilitliti', "'hst' eatll of hit- ThIeiei ti'tsiailsigl(Shi I, oi l tiiilt'rtike flit', o'titlt) ill iI',,

filitiv.,' with ,i ilsi1l! i' , iiI thel , '' 5,- It r trioiiaiitv 'iptililia 5 if sit jifil frsi f it t idi' •tiiii, tbilm fr'isii
the e,'litriatt mustIt'er wl;iAl the (Clhilist wteri' l iisK hlii,-. lIsilcs fri ii tlathler lihlivs.a imila linh ' fsntit
lailitt, tli s• in tking it isi ililt' fit I'l st. Il'i & • , aa.llor, t'ltv lut'i5 w'h rtiio' ... risill r i Im .I I,,- 1w 'ti a"ir ll 'if

('iil. aini tal i ,'s t il •lpl ltt Ihis pin jv t ('tilitir I1.i 1 li~li. lSnis itl tat .4u'rs ailt iii .-, anid |Itiirm'utn ' ift r•rl-
sililtt.., I lit , l s t i'v nlilctifing 151" b oit 's idt'r.u5itui hw

5~i..., t'iuilsblity of Target,, givt'li hi' 1k.v Nit *.f thci u!ii' itt laistilt•.lrs,
Mir, ,i 'a it'artl itl Ihm lst'lrnaire hadat alim' o'wed int

()I D)t'ece l is 30) 1942, tit', Sectimt i fait, t tail et ,'tit•.i-l a dil ' a!i111ii allt tilt' lim'ru'pt tii villplitis y ,f 1I6. li titsi
o"miuiiutlflitt' list dot'li.u if iiitet'sl t'i, t lit' Nitvy. "m ild tat ist'rvtu I m t'i'rtit Sen, n lothl. it lnrire-.rtll, lM4i1ra 'nil

CONFIDMNTIAI.



16 ~INTRODUCT1IOtN AND SUMMARY

to be lirr:instIAlte oin the oifit-t, .iorlt in of t he winui. (Arm: Air IFisi-vit, photintruph.)

tif v ioibilit revastn 1 war jit mt tf44 1'% t 1l 'Wer otil t ill' V lj~ihatl 'i of-11t 0 WA kgt "i-tt a eit't ani ri)tttill,
t ionl' '" ( hailtmr 2. 3. 4, and 51 of tls I v l miixo tilt, roil.raoito iN acivig re~ilurpteil tit tilit aim vert Un

present at collattiorn of the resualts tif thitw researches qwrifiv ilata. Itt '1imioihiity foir !wa dlirect 14113 tof tix

by thse "*itkn antil its eatontmettirs whirls now eaaalah' researelt wrpnovi~tailievb tilt- .4eei't io aiold %.-valalh

thte viiihihavy iaf targets fto Ise lrrifielvil. piteuruit-1i rouinted lit- reotait* after thlt ciontrartor"
h adl rmiatheid livir wi irk. Sinve, this mInt liv~k di uc

twit auiwar elorwhere, it i, - imowntttil ins fkit I in tilh-

nctF.C IC(AL. HF.P0HT Twit aircraft raminttiflage ttv.hr'.the

Iari-jiel mill the Bilark Widow poi~jeivi arp Iselieeeil
A- vvlaiiital I Ito Ih aric-- it( tifIll- vialliito., itll .-I its 1w the ouit -towtt hag rimtauaaathu, viout diutat it. #if

4fithe aruiject. W166t lote I iei'n a III'.rrl*.'o I toile ~I' !ae %kt itln. I hagissilerA II nfld I ln ri a Iccoejt iit 111taa1m

at.* . 1uit t*of uaatntrar'tt r.. It. %ktevtil. tihlt-rwat relt tttii lilt Iiinyt1sing ihtttthatnrv.
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Chapter 2

THE SCREENING OF TARGETS B1 THE ATMOSPHEREt

INTRODUICTION Ji the cise cf black vcsstls, an o)pp,)site type ,f

A LI, CA'OUFLF measuries are viewe(l throu',uh a Y'laogc t.k,' ', The nlare,' saip appears v.ry
veil of atmospheric haze which, by relucihlg dark aga.iist the sky baekground, wheri as the ship

the apparent contrast of distant objects, aids the seen, at a distar.ce is •at slightly darker than the
vamoul~t~r in hiiiking -:en large taret invi~sibl sky Since the sky background is the samie for both,it it ckvide nt that the di.-tant ship al'pe.ars brighterI This subject falls naturally into two eategoiics
which will henceforth be referred tot its visibility

along %i horizt'ntal path anti visibility along a .0unt the intmrening air. It may .e inferred fron these
path,, rts 'tiv'v. iy n tuc farirnir category lie molst two limiting eases that two proeesse.- are taking

pathac siinutitY Itait tush witme catgor the mtosst'r
lproblems of Qhip caniouflage, including the imilor- place simultaneously within the atntsliere: 11)

tant ease of visibility through a periscope. In the light reflected by the target i.- grauhally attenuated

secnd category t are the many problemus of'eiimllol- I y scatteringt and absorption, ant I2) daylight is
category ..ie manyseat tee ml towtard th oliedserver till alIttng the line offlago against aerial observation and plhotographic siht.r

reetnnaissance. Th. basic principhes are the sitnti .
in btoth cases; but, because of th, stratification of
the atnmtsldiere, the resulting laws are tomc'lihat 2.'.2 Quantitative Relations
diff,,rent. Visibility aling it horizontal pathi can bh Te tiv apwarancc of a distant tbjcct is gtivernetol

regarded as a limiting case ,of visoihility alting it by thit balance between the tran,.iiitted fracti•ni of
slant path; but the horionital ease will be treated the light originally reflected from the olijet and thV
indeliender.tly locenuse it affords a simpleh iliust ra- space light contrihuted by the intervening air. Ani
tion of the prineilld". insight nint the relation between the.ws 'c 01111-1111,ntis

cuTt be gainetdI in the f illoving mianner: A-,tiiloc
THE VISIBILI'I'tV OF OBJECTS that the object in Figure 1 has a brightness I,, in

VIEWED AILONG A HORIZONTAL PATH!

* If a large, neam by, while object ullumiinatedh biy
full sunlight ish vieweil again•t the horitton sky, iiu~tually aplplear, brighlt in eitlinparisuili with ita sk) / I , "

background. If time distance betiwveen the object anId 5/"/
the o6•srer is inereamstl, tlhe rioltra-,t btwetui h I thIwhite tlijert and the horizon sky t' vcrr ve s. In e
at soime range', tlelenthenit uilion the state of lhe at-intiopierie, th6l etuntraslt mlay (till Pit hisw thatl the x f /

oblject i-, loot frail\ view, even thotiilth it still sut-4 ").

tenids a large angle nt the eye oif the ti'berver, The Fsitui I, t$i tret tfn rXtl'nIa"n .-
,iiject ,ahry i. saidl tit be tiecurel by hize.

For exauIllile, imalline sister •hili htitli painttl tfie diiretitin of the tohmervetr. At stonw ,li•'i nne x
while. vicwd fnr'at suilci a v.ntimpg lioint dial ant' hriitiine a parnilhll..i-led nlol ainilina (of Aitlmslllhere
it, mivt tiarrly onid the oither at a im'sitlerable ti6- ia.lteil,. it thicrkitei. d#r t.i be locait•e perrlen.hitt'lr!.
tallee. If there is a 'ligtll haze, tile flistlant Vetl i) tilt' .0 tif Iiglht. I)en.te tIe aioliuint t1f light tin.
i mtoay appear but Alightly brighter than the sky. chitling both the tranoniittetl co-\ament and tith
4ine l• w aplrarent smy background in itirntienl for Itlmet light I incident fiont the lrft on ereli unit
tht two v ~.,I it is evidient that onmil 'if the light ara dIf . t '- launlin by t. In lmainE tIhritlim di. the'

* rt~l~efirtl bmy the titior dittanlt ship 11111 beta attitat- W ten i'ltmilinil 65 prolortimlial to the amiount if lightuasti:l in lmsiig frolm the vessel th the tlmerver. Ie""tt the tilnltant le proplortionality it being

CONFIDFNTIAi. 19



20 VIE SCREENIN; JF TiRGETi BY THE ATMOSPHERE

called tle ottenrutior, coeffic'iei. Th1 cueffwienh ac- thfl attent,i.tion by the lamina is equaled by tillh

cevnts for diminut.oa obiy absorption a.s lelt a• . f.oi added s,'aee light, so that the amount of light ,.;merg-
limnnution bg .scattering. ing through tihe right boundary oi the lannina (Fig-

In pb..ng through dx. the light•r is itlao iiiug- tile i ki, r. misi coaindititiit has beeni calleid op-

intited by kil stla•€c light contribtutd by ile nlit' tih'l equilibrium.
withi,, th2 lainina, its shown by equation i I ?'"he ilriyhtu'4,o oi the llorizon. In the special

dt •'a.-e liVIt! f .- i toptieally homlloige1ne-,lll alitmosphe.re, b~y
t +'- - t q. "hi•'h is mieatnt an atmioisplhere .ierein fi, a, and q

w r re tii e mtiiie valuc at a: I po hints .lting thel line (if
wheri q represiitt the hlumnhouls etniey at th(- hlnt,. .sight, an object having nit inherent hrightncls

ina, ind ai is the fraction thereof tflut i.ei, itterti 11,, = t' will appear to have ti' saime hriglitnss

each stecond thlrough ile rigit-hani-ii i !bonidihrN when viewedI frmn illy litli.sttne.

IFigure 1) IU'nidler optically hiomiogenelicous atiiosi heric condi-

Equation (I calni iiitt, i hegrutd "111 theil lne f ttlins, t-t. apparenit brightnes of thc sky alt tlie

sight after it has been rewritten int hi't, itni oif t-qlia- horizon in any given direction is not chanlged by

tion WI. iiving t oward ithe lit iixtoi or away fronm it. TIhi

=f Ob il servatlion implies that thit brightness oif tic hi ri-

td.r, 121 01 2 z I/?,, is tihe( equilibrium %liittle t'; that ik,

:- ii.(6)

lit cquation 121, B,. is the apparent ibrightu i ss ni the 
B

oij eet when view :'iwd fromn ai .lii•ijim-e x. Thit r.ýi'slt Th' i is. umittr opt ti(llvy hiomoit geneous t nit tspheric

of lite intcgriaition is shown iii il el 1 litiit 131. Ctiilit iti.i , thle righlhili(e-s f t lic hiriziin sky is dtr-

In ,,., - . tIteriniitei h iV n, q, ati jf a it ii ave,'rill e wit h 1tttition

-- l.. 131 161t . A i isetission if tlit. brightCt esi i h li lt- horiztoin
al- I sky iiller centtin tylu' ,, ii ..fliv i iihiy li itt

Equatlurn 131 mniv hie rewritten Ii i fiolhows: nit inslatliii iliserit. Criluntliiit inlliars in 4'ctiltn

Sllt qq"' I - 0 1-V. + /fle ~ 1. 4,l 2.2.6.

(7) (i | + ]. ' 2.26' l ,f of iudh Itit :ei E ildprhiiw. Alt votiiiiatit of

TThe i11itapp rent i irighliinet, of io ht .,Itjet Mt 'lngte .\X hIll engti t(if t lik' hllth itf siglit .llig wh lit I i optivi l

is shownI hi " ialiv 14it it it1 i 1 t i l l h illni o t l ii l e(liilhi i ti itmay lita in i isil5neil ran i ht o ib ini•t irum

termis; lil, first represents lie i hiltme liilght rnit rib- lii hul •t'it ila iln tIlintlioin 141. Thle result

uteil by llth air hbetween the Ie l artIt ii thtiatrrget, itt ni.dli ilt, lohrilatlinn'. mimltitilinig it l ttntetnuts

anti the lite co reml nr ,lresent Ih t rat fr itnli if lht- Iiit tiilltiirIa iii iipihere i.14-rutiin 2.3.-2w. ill slhown it

orilinally leaving tie tatrigt whielh i- Ircmismiiilel 2,igire It mill In- notedl thallt ihle ,itrin of optical

iy thi" atllil lilleee, t lniilibrilltli iwrc sii a riinigi, A li ialny it iih,. ,evisral

I milie tlhe melirutrlitietiil ri itm-uhiertitiin 22-3).

It will Ike .sttll troullli e4Iiitisti-ll If that whieneve'r Atp.lit:.NT ilmiwiUtT .r s D t&AT 0ItI mlls
fft = =q. 41,4=- I eIlenre', kiinder these rimlnt Un il-hr hilttiealliie rimu•, ahnotliioilh(ir ciildi.
stanees I has n cnrit-lant %i,111h0 t.'it illeu , fill, ti 4,tIe4, i, i hllt,. lit vItparenut hligitneisi of a diisitani olject is
ullrn .. In other worit,. whn lilt figilh inetilei•i ;ii.-N IV -tlat Yi iTi . which •wl• %k ilh4inlei h)IF dnl

fromt ihe left tin li ct h iintm fi "ilplig C I t I hl,%t lti i t .itt iiltgtilnat kl iti liit in tipitthtitin 141,

a° it I:-Z H p - / It li-- I 'I. t -I + Blipt$.V. 17l

• gfl.t'iT II Ttot sim timi tl. 1tmiw'il i i i. i lii TA.' TrcniaciItinre of the .ItAliophere. As liaI al-

ti i. .Irwielly ii.1 i % u it li ghti I., io.n.i.whiosiwtir Tho I-n.'a y len stltil. t he le rih n. " .it eqmta.io.. Jlt

p.lrn•eiw ihm it-til t " It.-'rtllv.t in..-tmtm 2.1 Airl lt. - tm"ltsl ghrvi l ir t inmt I iti is( tlh light itrilinally Irna -
d 01lhrt i ill wcefa I i 01 i(ly ' t 1,ii.•" 14 qi ulin

I n in.% ti..ing iw. i ming i .i, . hr nintal-rnn. i'" i ltI t arlit *1 1' ielt ih is triilititiltft 1y tlilt- atillt-

CO(:NFIDENTIALI
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THlE VISIBILITY OF OBJECTS VIEWED ALONG, A HORIZONTAL, PATH 21

SdH

41111 a ma a. 111 .e O aIN 114F& M 0 n0 76 114 5*Is& too tee no04 3U1 no

Oistaitc. *I"n Ioaorixon~l Plarse in Miles

Fsava. 2. Appavwct sky brightness slong % lia~th lmagent to the sutrface oft he earth on a ve'ry eie'ar day whent the
ziaeterologiemI rnnl.' (Section 22A5) in 60.001) yard~a.

glbre. Tite tranmiaittatnctr Txr of at patht of lengtht X incani; of eqIuationl (4), provided tile larighitneop of
1.4 thereforeI the objtect tit zert) rn-'lge und tile ntimospheric atten.

=r. c'' 81 tuntion coefficint art' known. Hoawever, the e~ffect of
Tlne attenuation eueffirient ý enti ij- 10etnuined1 atniaaipherit' scitittering tin the visibiliov oI distant

%ithtile1 aid of equation tlg I rout mndiured values targets ran be represented more tlitilply by rewrit.
of T,,. ror this purpiic equation 01I ran be re- iflj c(iuatiot (41 in ternts of tile contrast of tile
written object against its sky background. Loet tile appareusL

=2.3103 1 contrast (if a t nrgt aicen at a distance X againist a
X lIit vs Tv'10 hiaretwkrintifof buis(h on sky be definett by the relation

A lhisiotaleet rie lioigondhr oteasuring T,'" -O
has been develojae4l by the National Burp-to of CX Hn12

Tite transmittance T of a unit *hi-larte ionice, Sitiiularly. let tile inherent confront of the target (as
yarti, ete.i %of Atmotiphere its 4i-swn by tequation ISI seen nearby) be, defined by the relatit'-
tit be T e. Ct)(s (13)

By sulsotitutiiig *ttioitlioti (I0) in equation (7). tile
latter eon be written As' i cotIi$ctluetre o ttile,' firrtt'oing tfriliniiiul' 6*t

cointrast of dark to-got. can nlever ecIeed minus
lit = fix (I - Tx) + ft.T. 411) one, while the cointroot of( buight (angelts is unlim-

~" Te Acautlonof ontastited. As will be shown in C'huiiA. .. ý.!- 't,,Vcf
The Atenuaion f ConrastnmP br-' .ta'gda of the salife size and Ant-*~ Pil-

Within Hthe regi~in of optical equilibrium, the Menit. 114f equal apparent rontrastsi are equmUy
lbrightrimii of it distiatt object ran be, coimpated by risible.

CONFIDENTRIL



2'2 THE AMEEN1N4. OF TARGETS BY THE ATMOSPHERE

4-

Z

0

40001000 19,000 1.0
RANGE IN YARD6

Ywutl.i: 3. Variation of appilnt cnwultrijst with distain~ce for targets mvik uituidh. is 1xckL'roonu ofi hotrizon Ak. on a

da¾ Whe thr*'~ 6 2.V Yn'

Byts t rV tjtI iitt ilin 7 I'tukvstith on

Cy= I 11

iXof yank tugo htifigt eir ittr. iinrn eiwrent-tfnl al.t
Gommtenratc~ wt~ithr tifit-ai ni. Ti., 'it.ii itio arqntei in ilart.

3 hirlie Phantiwo elite ront'. lakt uett-nn~tinwit .tli'.

Ine (i Eap..uimawaaal anti uaiiv wsof thci ti

Theory

11wr Tilfanv )V"isneinaaist. uwiler t',ntrut't u+:Nt.-r
507. 1wist1"rIi't vzjorwwnt"I dtilrakgl' Its Irpi tiw

_____________________________howt'y .kdrirint" abiivt A -Wpiw, n( W'aa'k anti White~
-,t. -- 10 Wlk% Ot Uatill tin' ~Iiiýe %4$j0III (odIt .41ifirtn

Fla.-ast 4 Shortsi uf ('4061 ISnox 1th,$m,. tuAg t,. liaiwi at hiw lbwaItitns ohown in Fiour 4. nt~ww

teai.~%''itth. hwttttioftOn. CONFIDIENTI AL



THE VISIBILITY OF OBJECTS VIEWLD ALONG A HORIZONTAL PATH 23

that t he i gia c o c! . idene of the cunlight %m as i!:," i n' n ure! by - .,,, . . .. ........

SUIIIe on each and aldjul!ted ill "iize so that Cvery tar- sight pathis indicated by broken lines in Figure 4.

"get subtended the saine angle at the observing sta- Meteorologicai data of the coIventional type were
t taken at thc time of (eacl cxperiinent; aril, in ad,li-

... ta,. the transmission of the atmiosphere ov(r a
f1,000-yard path across Coldi Spring Hharior was
letermini'4d by ovans of a Bureau of StandarIds

', " :iiII!! II Itransinis.ioncic,'.
I'lie siuiplest type of t,;iepliotlinvt ,r used to

nmeasure the apparent cntr-u.t of the targets wais
the long-focus camera sLown in Fi oire 6. A Ithis
L aving a focal length of 10 feet vas :iseal in oider
to obtain an imatge of the distant Willlard suffi-

Fiuu•, S. Iottif.-o'mii r:mueni tniwd o a tehlepltowu-

vint ly large tl lirnait rtainih. density lwcaeurv-
lost-ill; ito he iUtinle with hr ula- rI 'npat 'meter lie-
wrililvi in Seetiomn 33.1. A phlotrailglie gray ,cale.
111ot11et11 4 feA fetet i,' front of tile rawera., lirtIV'1ded

M'nsiwnetrc calbratou varinea tngtive.
Phetntzr4tihe'r ill three targertl till a 'ivocr day

ur• olhawn in Figure s. Tie rivarnes, of the allttl-
plaieri, 1.n Ihidt tireditu rcan he jud.l¶i by the fq."!
that hill, in Connevctit. so nile.s ,lastant. are
clearly •lwn in the third pirctre. ..ar negatives

frm" witteh thirss' larlt"r~ wen.e aidei Weretas- x*
urve; w ith lilt i ,.,l*'T.tt.l.i' . ,. -'.i ,4l I , ,t
4it the forget frielivi, 1,i 1,0 -"y altive lite tannrti-
'itll hilhttao, detarsutle rt! he lor the tiuali llitilia..l .f

i leuti' :dItdnhvlo" u Imnbt wnl Iwih Tulur ihothirjhl,gr lthth hEwar ilic8 p sotmiihota-
Ywaldlt.li, ritlbuier 1l)-t 4f nllrifrnt tnrs,4 ,ratrlvt a-s P tune.

i l~~ion of rangel. In making thIis, 1146t.l 1WiU,i"l~if il~lft.

t|ion Oil hlte Tiffany lorsell.tPhitihstolh ti lhcw thi e h., t :l,,dv lwrt'wl hsoiulivr Anndilneaiv values
targets arvl ph~iwn iin FigL 3. The• apparent l of ri- tllrit. It will he notr, itual the three riinto
trlst of the tfarlets rcldaivt to the hirtitiu wky was rv-e•rjlitie the Mlark lutarvi, fail along a rilight

CONFIDRNTI tL
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24 THE SCREENING OF TARGETS BY THE ATMOSPHERE

line which, when extrapolated to zero range, passes
through a contrast oi approximately minus 1. The- atmospheric attenuation coefficient P waus computed
from the slope of this line. The meteorological range
(Section 2.2.5) that correbponds to this value of p
6i 47.3 miles.

7.0

QA

' -t

. 1 .

-i•••F•i.It.. ý&. .1 .... itds 4-0A

VG6Ay It"W
It , m. ego 4M.00 V, * 4.# 100 50

i~~ T11 Tlt" Imnjl M16l•V01-11611lt I|••t.% lN rý! t',t While

jarmtsll eano' be fittld by O a Ye'tlt line. Rand,-

ornttel o. White .J•w•wsso, pauislotsqs Wih 0.,t e in

sh .. n~tmefot of th Sheilt-1 bit'sr~ svatgUit o* eowi

-,n.oted. 11 o I•sttering of thew Iviati, appmfve
So reoit (mu dilfrvn, In the ltihtint Of the tst-

with ihi4 kod.utus, rame

gs'ti., v.on we t-ingly elear dlays traes of elhd
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__ _ THE VISIBILITY OF OJBJECTS VIEWED ALONG A HORIZONTAL PATH 25

" fun'nation at vk."y ligh alt-tid t :.ten i.. th. -•-'... . ,.: ,:.ng .'i-eXl'rit'intt ron-

iluination over the surtace of the earth to vary ducted i•n a hazy day when the visibility ýra.
slightly, and the-e variations cause considerable un- yrres.t.-r thian three and less than twelve miles. The
certainty in the inhcrent contrast of a white target meteorological range computed from the vlue :if f
against a br kground of horizon sky. Most targets was 10.6 miles lor the black targets. Little rclia-
of naval or military interest are of low reflectance, bility can he phlced ulpn the lx)intb repsrt-setvlsg

_0_ thlt white targets, but the trend osf the data indi-
MI- ~eates the general validity of thme principle thmtI thme

' -
7.0 upittrett ront a ltofnl targets chianges vxpsiwit-

,.o tially with distance,,

S The, results obtained with the ph'it g,-aphic tele-
* 4. pht.h inicter were 4hipli'ated. hbut not Imoiwever, by

3eXl.'0'itncnt.s eindlited with several other types of

I Ielei shistimuhlers hssl lx tit it ýmulI it-isIorary lab6-
oratory huilding iWigure 101 ;-n the shore of ('old

1A

atau u 10. 1This h'#llrs Inkilgitiua tsu li., trr of
* Ct(ohl titlwmi Hariekr wit uwet itO htitoo I dw thlepho"

Feltulru 9. lPIns showillit v gria•ima with ,hstifltr of llhs 1.4kl. 4ie64 %t-111, ,kigI'A I-,&lil ".
routvmtA of 01w hilltitoll cmsegs an a ts I• t" lh•w lh
0ftliirsir•st (l miltd tolse woi.osns flat visile0 Sprintg llrnl.sr. The desiog of -k Ielephi-tiim'-ter

, 1.4 e - --.1," .- , -%4itabi (or I sturitik the n~alk nsMrll 430t10100 Osf t0l1
* S M l l ss tbleslslitlm *lI.1 U
Ti~' 0" S1 .,c m. W It4 . A. targets is not easy. if the' peilst.f lIsth iotol ditlltnt
V-s 1 $A It. IM hril is held thin lrwortical lituits, A t'esrwopi
t',, i**e lllJ ,

raw..sts.t, W ..a.. 3 N .. i .a , i sslIjtrltlvT. 6 incites in diasit -awsI 4 uiele.rs in fswnl
T9.ý-1 'w-.. 1• Y hAu. .. length. %%sts ti,"l lt fonr an iltngr -' the tartrsi,
1frIit. 16 4-w Y.. C (arn'ul rxternal adl intterlrIs l111nmit was twsl in
N.mI.'"- bsin.ds s t- the tlerjees.', anti the itrvy light io the -.YOMm winAlkiml: .*W liltt

f.-so lu lioe exrelingly onu.hll. Duaring idlimiluilary
#v that su.lll -'arinlisno in illumination sIls nut priltlo-siols. th-' Il.,ost-ir oaurt•,n.wo.. -- r

* greatly alter their inhert't rontra•t. In the limiting Isidel Wilth a .anrlr-th iflhnsisaowter louioll"Wtl oi
case of a rompletlv black target. illumination dif- Sit,' tl.ortis to lisn a .Maxwelliar •'ew drvice.
frct,.t haye nn pffr't. For ths amon. metelurno. The lin,€akm ti' ueth a Ult 1,h.t,;.. : .. ;- terbe

ist. qep'ify blawk tarita for uw in Mtilitatin the sonde !,i. '.erataw of 1wr small rIativ aperirtur of
daylight vismil mrn 8reetion 2.2A). the thioivc. .ulbw.qunttly. a Photor.-lt rstirssir

Thtw samne erels are to be noted in Figtrr 9, pinttmoheter wass w ul. A -itlisfaetrty rouinMMILAV

CINFIDE•T 41.NT



26 THE SCREENING GF TAUCETS BY THE ATMOSPHERE

butt'ea senstitivity rodtahility ,i nctE Iic found, Fouiieatio i. Th6 inttricit itcnt w u.td to oiparp
and finally the a-c ilhotoelectric tlephotometer the apparent brightness of Fý!%.v-al hhiek targtcs
shown in Figure ii t'as built." visibhi, gagisins t I, 'mckgrmind (if hoirizon sky. The

angular size of tile targets rangeat from 0.8 minute
to metre than I legree. No ,liffernee in tle ap)-
parent hrightno:es of the target.- was found. This
'enchision is -upp-,rted hy th', elpe'froniitpiuu c

theory of light. Inasmuch as tll the targets arte large
compared with the wavelength of fight, diffracticrn
around themn would not be expeited to increase their
appare:nt brightne.ss. The mctc!?rologgit nmay safely
euenider that the ediyt ct.er! doos not exist.

Fl'ta- It. 'hotlwn'lph of Ih, e-e ten'-tlehotonl.'ier 31,1 Meteurulogic! Itallage
iietl by tih,' Tiffatnv Founidation for meiasitrirn• Olit-
apparent hrjitvhe' 4 h.r t jt -in;., I gets. This in- The optical effect oft Owe atm .-phlere is ustially
Atrmuegwt wit- litihiutl in (Ce',lotex l.olet. (l'iinr. t0). mprtird by .tilvorologists in terms (if tle do light

i'isa reinqu or risibility. Bv internmtiualt agree-
Ts~'WO MikICUneeptiol1 wnt, the dtaylight visual range is the distance at

whirlh at large dark objeet (n the lhirizen i6 just rmu-

Two al'parenty ntonexistent "effects" are often .egnizahle against tilt sky leakgrotind. Tih rtla-
nwntionted in tOu literature iel ometetr•retogy. 'heste t ilasill Itwtvn, tile elyliV!.t visual range ant ji
art, known as tihe Ureeunei.litiss piltt e-flect ;'" and has wit yet vet-in c-tahlisht i lay ittrnateiuna l att e•.-

Sthe edge effert;i'- tle!- refer to loss if i liti'p detail mittt. hutit i i standartl praetice at tile Naval Ie,.
by Iotr-tingle sarnttering and dfivrartiop of lighl s•erch L.almrattrv an.I elsewhere tl assume that an
around the tbarget rt-*pts'li Ic lv, N61tl1s.: i l, ¶ 1-1--141 1t, ;.. l the eve can lw
ulkin secnd thjeoretieal r1astting., and ieitlhir hII, revegitipcd in tht aineyemc when it, brightness difTers
We.n deuninstratrd exlberimentally. Bothi eeletti tin- fr, m that of its sky , Ikel'rehagniutl hy ab " nuch its 2
the retsllt1 o attempts to explain evrttin risiti ism- pe r rent. The emntrast ni a black tarlet is Ihy dcfini.
pretsions in term•, of the scatteritilt Irnetwrtwp4' i, loss -- t I. t1 - I i, siihlth,1t4uh f,,r I ,.. an*l -1.!t
ntneithiheri., Acrtually, teose illuhiim- are nlattirl (', t'qU~tion 1141t ran Ihe written

ti~'eguN len lof the lerhollip•iu o(i hitlllatl vision,

and! ,tttý t witilh Im-ewrlit. ilt the flrxt hti rcinis- In I h. = - 3.912, I161
fte. "d thi" veehime. 002

T*r groudul-tlitpo plate, reffett wias m',tIril pho- kili.n' , l.nI ee-n p' l hec ,'. the *ymlml i. The
1t,4ralglitnlly with the iong-hleits rantio r iFiltrt ib, altrier s will hnceftirth 4i ii4,rrrhl to no tlhe
Oi at tile Tiffany Fina ltlion. Phishgrnplia .f the morlerowloyricn repor, It i.. by definilostltat Ibee-
tsoheinit Iower tar-e t•am"hw om tile left I: Figuin" ,wiatl tiolhutitti for which lith, tritsntilittnhre- 4 the
5 11111) wIte i4n*tao,•l lp l inc l1i1 elth alnar aiml feepgl lii . chei'var' . is, 2 i2 per rt!

.', len tilh, hcirast i taniu 1I14 il et t ielfti-h ItiImuIt Iw hIsomne in initlll th flhI tidatlifltt .6-unal

Irnpmh wao natde rtlal It rsv at elet.. rmnitlel fnattu rnmalt r•.t. it- list, ,li.how' atu whirh hIrgr hbnlk
*ht~lnosi.eeucaettf trsiading. the larlicls wirn" rrlvc-t'v tllhcrt, ran jttit It.h rrn gniz•t again.'t a bright

V't1ua1lly well in fll plwt1Vrwphs. The xpctirrimw't. ,lae 'l: .. skyw fly n Itjwr thrrt is iestia nn ilr
r'l'aatvtl ustifl tito mts la bje'te :10 hlri,'te., at"l the . h l- e tlha!t 1 e:1 Ii• ,a . It .1tltist.. t 0v..-y of itle

lenw esncrlusiuin *a* rreaths. N's tAe Ieletrtiallo Were I ia0..'ror is cl: rirotll v grnt ooi that! ii £rent.r tinnle
obslileraite I-V the base. T11t 11WtetcsrlloIegtt n m'oulad au,, mcrr.m. tihe relportil 'hlu ,f -( owihiltht

safely eunsidi.r that thoe arousid-qolit plott. rflor ti-itl rallt.. Tlw 0iihilie 8e ,,.ok:.'.ela." '.,,:
dcs o t crn ist?.. irilts. giutes reeletitit are- rarely i-f-Aiffitient 'in-

itio rdoe rort *a,* evilo•ore withi tie n-r lsitit.,- stbllsr silv.. Ito eth. i h Utel,-t. th .-'t slight vtsuinl rnng.-
c~hcu-i•ir tclettotesielwtr Figui•,r III at fIve T;taliey it.-1,!,,1nt -4 .1t, rt that Ia hlzIe .bIsjrti. col, .u. ,i

OINFIt1,NTIAL

: -- - ,- = ,.= , • • m = l m i m *



q THE VISIBILITY OF OBJECTS VIEWED ALONG A HORIZONTAL PATH 27

hliust. or S tree, sutien ds z A'.t'.y !. it K
Sangle. As a result, tihet' sibilty reported by neteor- #) (17)

I logist- is usually somewhat les- tiflim the Inletcor- where h i., a tvonstam. ". ... ... ns. (6) and

ological range delfilad by tquation t161, A Civil (17)
Aerorautir Administration rlx)rt2'" presents re- KBjj
suits which indicate that visibihiy as ordinarilu re- .. ,18)

portcd nicra yes to be thrt e-quarters of the meteor-
olouical range. Let direelion.s I and 2 he denoted 1) uhbscripts.

Under homogeneous ligllting condition:1, the Then,

meteorological range is the same in all directions. Kf. l

This is implied by equation 161, inasmuch as r Oiq

s depetisds only on the nondirectional quantity ji. Tihe KB..,

extent to w'vhi' the apiparent birightims (it It distant anid s_ --2

iohject differs from its lithvii'eIi hliiglhtne" dl'dntI .i

ulmn tilt- la'aring of the object relative to the sun. By division II lit .19)

as shown by eluation W41. This equation involv'es _ - I "
Sthe spattering ttlefcrient a, die inagnitude of which lBut under lisoiogenetius lighting ot'nditi-ins s* 42.

depends ulon the i,irection in whicth tl, scattering Hvilv. .S tatke, plaec, H4.%.,-N .r. tbi- vtaritition of apluknent rtin- asJ 120

I trust will distant,.' is indlependent of I, its shlown biy B;. - "
equation 114). This is a valutIle ronsejluence tit tile Amsmiag equation 1191 to apply under the non-
, ilcilition of ratrast, hilogenteout', lightiug Condition, then hy the sulhti-

f tution of eiuiation 1201 i% t(iuation 19)

" "'I Directional Variation of the
Daylight Visual Range N -i t2l

1*ndtr itiliuhtatinenoiuus hilihtinit cndiititinl' tihe Whe-rn t(lit ibriutwi quarnti. . refer tv ntortltal hooi-m.
daylight visual ranlp nmay not lie tlhe sva in .01 11 t ett, nmdhiliotm.
diro.tioms. The variamitin may lIe eaiwit lay leanks In tsrier t-, *-"4ile thelqlstiti invohlv'l in
Of cliudsl tr oi1oke Son the horison; Sir it 'aily I* due t latti1mn i.las4, 161;'s"iu.'l--a itilt phttoleter %np
ito nhil.a|'z'cities in the athlspliette altolg the line lWlilt by the riseearch lallorathwal ti the Il-.terdo.'h-
sf sight. The hatter t %in" Ia enurl hy Itt"I lltr mwitlfe al i'rntih i uelr mantaet tI 1".*Mr--6T.'• Thim
"vahiations, surh as thotte m.nrnt.mih whelm tle line inotrusen. hlown in Figure% 12 rml 13,. wIts ievil-

fight pso*A stwr batlh innil asi l wiat.r. or hy stintlo l. titit thw hrilthtness ,of a 4-dlrcrm •ameI liars I ofnk.i la.l foi Thvv,,. 1y li. hewlal albavT thc horivin to b nI* wnueIl in nay ,h-im-4" .. hPioicins In thel lumiltmo, Aminit it t tlu 1. liffeinthl IN'ntiam. VnhiW.* 4l eon/t, bar hI otai"l Willi

efletiv\rit sts oi the natural terrains alo4ng tho" li#hV thvis instrstlfunt. anl vkrelt4-o, in the forius Si 0,lr

of oifhtt or tl cl, luis.haiwI.s. rullrve. trihll whliih tlw ratio fs/oo Wa" anly siit
When the daylight visuakl rantit iS, to hi" prediemfi l nsmhistw,,i s nuttliiih Cmil mhl I-. monlatri hy

(n. 1%aha oft, is• nsrvil hy imn inotrunlelt Sl id ' owuis if( rquintisu 12lli foitt Ivsirnourtl va'nlut. of
as lth Butrv:iul At h . ' l.,!'SWOSI.ltt it nlity no It, .

lie' ist-trolari Ito allow for din•rerlksu vital'itat . r. , zat nliplo. 1onelllrt Figure Is. wb'lth llu tva. a
WIll I. interro hi thllt 016 l'~kila wa, rshltv-r-l h. It-- ,-'ihr id.-i h- liunao.: ',Imiw.r iio, R i, 4.-vI"Xn I I',- tile
.siky Bureau of .\1rtsntier. the fi1hlsuwing i.14ih"1' Imrue,,r.s.'aing4 ph~it.ronsr. The .tir.i cur-, In.
ulrom-th-rr lit oinking such u llh'wnle'wr was ,ill- dicatro the heighine" ,.1 tew hluvtom .k untkol to-
!ts~tctl, ttngrtt'ilItas nn, ipdi'a. 11*i ,',i:Ot .,avrr- mi.'.'t an

t.4't it lie aiuslool f-1umn tqilltli It1 and thIIw ta.. aIl.On t11u' 'b.l-.t hitiputo a, sa.-Peual A-.
subts' hwnt ofiarnl smi that thw ulaylfigt vioual mna r rue'sv'ly hiriigt,. Ist at liew reiuin-os tit lih'lt tie
a is. Instvtwly i ruoitill to 5. d.yliyilhl vis"i rge at an -ailla'tllh o 40 tkvrv"

CONFIDE.NY1A1



28 THE qC.REELNINC OF TARCETS BY THE ATMOSI1IMRE

7C 22 47 iiles.

At the request of tni. Navy, the horizoi.-seuimning
phictomcetcr was turned ovt~r to the Aircraft Ctaut-
olufiage Sub-Section, Tactical Test, Naval Air
Station, Patuxent River, Maryland. No expe-ri-
tutental test of eqjuatioln (21) is knwa'xn to have lhtvii
utuade.

Ii? Backgrounds Other Than
thes Horizon Sky

Throughout the foregoing ditocuasion, the target
;lam bft-l. &w-ne t,, li viIvi;gko' atmik

tluk: 12. Phow.Iarnth of ilorlaub on .~nk:p plt.iotthil. ground ( or izor~n olky. Cinder sonie circuinstances,
vier (tsar view). hew tU&a et wiay lie s~evn again-'. eith~er b~eikgrounds..

Vie *hlw.ma o[Ww~ ,,.t'i~w ,a the %.& of the ph.I1a 4v.r
iiat ma.il W is" Irv the 1,iwsike Ih..to tiill.

004

0.t L-d, -3 ".Vh'ta~ Ill gla %( ph1wv A .ouue -- I ,t ilL.qli I

tnaurtftIsn -Iwukwoor Irm the hattti) by natas, 4'
ty,,ttioi. t21'. 1A4~ 11tio ,lirnetin (shown toy the W IPit ~i' t'I~L..' h ~b

4%~ ftw'...am lvv lti,, k-hn"wt amelti *15 1 itietWw4ci *I
diWW nn lifti Fiture i 14w ,irftim'ui so a ifireT.. :, -u Att 14its"e. g'ai'triesit,..l Jn~
:Iun 1. ;ewl Wa irtr 2 hr any direatisi W rhrh M4& M.~ ~,.A...ea 104.-0 .ý... .

ith nitirml arewl mabeom',t ritrvrt traintwi- txrq~. in
1wnuilberst. iluatiout (21) lxnfonws Few' rani.-MWrp.r uqw'ts of 11W albgta"Mt rain-

It, I -as ill A lor~vt toIti.rf mite. e;vlllI 'Ail, IV
-if t -- I ilnfi 'tlw V60.alk s.Twl lel.Awst%-4r'. elewwt.n

~~a~~b~~iihittn.emn a'tcl-mleivr' f 2.1

v0.r~ W.j'r #41.



THE VISIBILItly ()V OBJECIM DOWN A SLANT PATH 29

S iti1E vioibiLlk (i~t wilJECIS vt:in , %It~t)1 k&2i W41 I'lolved h~ direct iiiie-
VIEWED DOWNWARD ALONG A gration, provided ui &.p1 functional relationship

SLANT PATH i*xist im-tweefl p, anti y and between a, a~ndy

* At, acrial o' virver views any object oni the groundut
along a slant patha throughout which tiew ~attvring
etteffieients it and a vary with altitude. If thc struti-
ficati'rn of tic, :itnuw~plere is contlinuotux. Ulms toeffi-
c~ivni vary segutlorly a-id in it readily preodicttabl

mianner. litt 'such r~ condition i, nice. LUatifiiy Liki.

atituism.plicr is romiggKsed of optirally dlissimiluar
stratit, I he* 'mmittlari- twf i% Lie), nic se fteiu sholu 'ly dle /0-
fined ann4 within whinh ji and o %4o witli ult-Aitud./
A~ nwt hodi for m~vinv l~ict tetal vis.hibilityv jtrithicis d'// '
involvimz any set of atgtitssilwvric mritrlitiom., whljl
nway exi-t is ulescrilm-d in Chapiter S. However. Pt- r

CAWt of ani ntmtu.x.herv lsaviric .-otint inmsits.* regular
ojitirtki !truitihratiin uimist be di rwawdt frk* in ti~oudr
tto prinsitle a haksi~.. it Ire-tiogtir ! ake ra of th,4on -

The Differential Eqnumfievs

Ailinig A.nnt 1%tntois. fll, hsssulnnwnvttl Yvattvriniz

11l~"s's-0 an. file -atlit. it alouug 1tita ntivil stsI IM16 Ii. U' Now is . s ,. *

sltnuiti~n u IThe Stattdarn Atsuusphert

.( lo "alb 1z~ .sat.At Dr it. whichl. .h, tstrauslusrate iut' s tlin

i l.irv I 'Im, uaawmisg tit ith pyvnilmil* I- plwtn toy
Firgtir IAu Tise .ult..-riit s i4 it.4 owI .- losourat- thazt TmooiL I
life waticrins: n irst,4iet. I$ anti a owl tit% lwumir".U.

4 t-iy are fwwlot,... III thr nltitosl.- r.-In.rnuowr
An afft 'i--now~ swital It$.iM ltst. fil- 'tsi~sr~~ a(.ei.. AIs i.ot I

s',rtwu.#, too. " Im 'tlsor tiw So(ituq houiffm it tc'uu:
skn-i~tv with alltatjuh. hooit W, vanmutfim sa. th-torts'ul a A ,1w1.%

%tp II Iw lligh.,-t allitwir skitailvsw. SAI (Ml$. I N, i ^0 in onm IG2
A oiussilmr hick sit vanigismw it . fsuewu oqu -.th.r 300 34 A ig= i4m
'awritlion wiert floo ollituttttattil* to a ha"t-Inafiml 40 *0 IemIC

am ago no
00rspg all tl~we eight-. thi- .4nt altillasir U40in. the T1 anm Ius4so4
n.ihl-ig ommiarnl sif AU .kwtvis". Vtiai I)-, 'e rxintimwot. -0 -1 - onssm 1

it st' 4-lkovewl that mrliftarilr it"- vpiatintlo 44 one tom 31.11111

ltlal 'tI.tuBat, it, mo s a- a nonu. I.Ak. Iol"I?

Igo 111 1tdm U4_ t6uu ;ntwf. Arsie 1u.vu 9"" V.*,
st Lm ft ..i.l" 16 4! 0 un-O , '... . 'isatn fjntmwt.alu.r's.gtia



30 THE S CREENING OF TARGETS PY MIE ATMiOSPHEIE

From the st-aDdlttott Of' ,isibIlty, t•, e trefr;',.ting,
scattering. and ab-obing properties of the atmos-

pliere deternuinii it-. offit ivi' nss in ieret'ning tarigets. CO 0.
It is heyoind tWe seope of this report to dtisctuss tile
delete, ins effect on i t'age quality pr;ioi'- p-/
ilut'd by !toill variations in the rt-fractive index oft L~r/7
the air along the lint if sight, but it is a well-known /
physical i-inciple tnhat the rcfraittive hitex of a gas [ . .
is proportional to it,s dlensity. Similarly, the absorb- .,ing anf i scattering lropert'e" of it gas i re pet ol -l

tional to itst density, that iý., to the numblier otf
ioleutultits, per unit viltiutmv. Thereftore, the ditti a "

sho wn it-, Table 1 hatve b een contvert ed hitl the relit- Q2 3
live ltitlbelr of 1itolectiles per 1lit1t vollntit, it'cotitlt i
hlvin, been takeni of theht'ffect oti t( tvit oerlittlre-
i ti t .se Iati ' I if tlthc C'iluati:111 of '4!nt( of " I
perfect gias, The result is showin ill Table 2.

T a.Aw 2 A0Li tt i IN Y4O3JSANiOS O FrtT

F2nitlv t I16. Variation with at ihie tt i t " ( if d i btt itv
3000lh 8S lit ltllretlllt of mi t tr k etm tiarfihthli.

(al ) per ilit %otiht T itha 2 t it hI i t. , b iu n tlie et' a I t it at

S. t0 1,171l)3,,4~~l:iII0

lAC)0 0.6956U.100 0.tilt oN.Au\• . Fi"illlll 1W shows it .se'lliflol"ititilhliil ploitl il

3.000 084.1 (iv2 relativ' n m e (nif ' t't''l p i t 2lumv v th i

42,00X 0550i

4.0,011 053i ii riit I 'll iltili . Within thel eltlit( altitude
6,l01I 07070 represlll' t -0tlle , lilt' tialil i V 11 it .iku 1111ixil ktiuiil l~l.'l h it
?.011t 01P361 r•t'lkikllit line., tho (41lll1ii lkll of which k•

9 ,AH 1O 0 fi rlP N ,• + '~ t
1380(101 0142 . CI-t ,lt

411,A0) 03ut

2..00ti 0,3I1 I\hvt itotiii tn !it, ii A~~•,.. hit It *' •lhlnt .i:iti lly •li

lift000 ~llkl After iitltlikitit til whi~gt iwtith~t~2 Ih l ~ltril I25.

14,1D WS3 ,etr-"rgyle

t .0,t (i.).i It tt -p s, 1t .' r i ..t Il, i1

22..m) tus. lrt 1ibi ettIti iiitt f w h tI Sliiti ll | fw Aho tuiiii 1 Ili.

44~el ItyTWllX 1'C
An .ti0il0 Iht 'i ' t'.jtr ts it i , It t i ii't li ill l d I .2 i- I .l ., - 0,.i" ' u . t .... 127 i

r i Iited iei'ir' ftelr vitil with tlh hlit ill Ti hh 2 li1i24 :" md , 2.

I
Il ýtm-p iev iai co ii n 11 i tv aiw rI m Irr vl u tol 122 11voo

scopie rai-v drolv,, dwt rain snw +1 o !



THE VISIBILITY OF OBJECTS DOWN A SLANT PATHl3

wit'lCC (e OPTIC(AL E'Q It~iUHill M

G!"`j - 5T _ 2 pi *I't io n I 26)i mdjti t e, that wht'n /d it q(,

* whoey i N'tioli, 2.2.11 exists tialog slant paths~ ill the senlse

- 21.,700* 19 thIat any object wIos at'inherent b right nes e(puds,(29 ~o L aq/5. appiears eijutlly hright when viewoed fiutut
an 'v dii~tzotc. E-qi tht ion (321 14 indicttu4 mat o(ii ii

The quanwtity T? will hienceeforth bile referred it) aý I itv img Olhe b wgl itiess oft till' Iuor.;Zi i sk~y ill the( In
tilueoptical 8b't t ranye. 1hyivtv"ilyl, itjs the path Mi 11 it'ililect1 ion IFfigure 17, c11I fill t ile ii 11dti' ltl~ts

litois n ote o pr''ýýstt- gn~ivt along %inchlih

within the standard atnosphere. Ini other owrids, f
is t hat horizoantatl distancet wiliiilt vonit ains ats m
(lii'(1 iltsdes tile silluit distanice. P.

2.. ariatio:. ot Apparent Brightness
Along Slant Paths

bl'unbti~a n t28) (ai'a tt li riit ten in at h tirm -minitar tol

t4ghuntiol (4):

Bi fl' .ill + Ia~, I:~

Fror ltew siverial eam, oit 0_ 0, R ft- R .\. akual
eliiliitii tt),retm v.itst~jniiiii14) Tb hil. w i Tc fill- .. ,iiotw td lilt- i ho t kia, 4lo-mmt-(l ts i

etilitll~ ~ ~ ~ ~ ~ ~ ~ ~~~~~l 1t ilIr'uiiv11atl11a tm4.Im'fco ci~iltur'.4 i irii tie ru -k1  Ii nthr .k .I.. lraike- 'tlt

"ht 0 ll~ a d ':i- to. ,. lv l atiauf'l the ~a tim l t 1 .it .m ati til a. *- t u.

liv a' ~ e ,l~an Iaa'n * 0 13w ai ) f(t-i et ui Iiiriutin. Tlhe ajalptrent I , %ofl ~ tatItrkvr

"a iajel-ti eIrarvale". f it hit hinitt thit jipimarrnt brildit-

I~~ki.. I m- air till a altJivit ait) l ilt- grtunai nit rt au'lt'- hilt
a'a~ ittlirimtti v'a imi, n-Ymplola ti sally, Thaiv, wlaten tonI

u'vA l It,*U * lot file- Isriglatirtmt't ai lit, h iit' iass n aky infl ivl diot-m-erva tlatif cmiotmna t we Owii gcrotml l bvvtI ai ui i' f
lauirItandu olirearuatit lI, intictitt-4 l ly tile oIrn,* tim. In on-I lonste, list, 'ptl'tim-i liriglitne 4 tilthe iarth ii thrt
nt ill figlart 17. Ia 11e'ao dhrrt'tiaat.. 1 ahhns a tlim the ~itit"ofsolt , tit.irilthn4, if tar t. lieltariatait mvkr . ivvt
t:4- Iot' . : dc mint'rn l 11Y I-atnr light 4"t'n tl n 'a'I fit aaio-4rvir a at iIl# a' atra a lia lta kig liitll ' ltoo tar ito di-

'tlm u tt j itvi' . I m a l; ' r e i n t i lt -j r i i nsittu t n ' i fr i t-a t wit ' ,I t h e v; t i I -Y. Af i r l i ltg n o r a 5 ., .r i s t l it n s

.11n itn ran' taaikknn' tint Its" mm1i'ni,onral ahinrecl ly. Ilat,%.

"" (mi ll t hitt t lt' tt v. Aitr raitti' 1t1'ataltlat liv ritntlnit At% iatimiruinl otil t'lt alttI tI n itlitiataat 141 naill

.It mlin--i wi all o tl intr-t-t tin' laauiattnttil i~mvaa.. In 14 r:.la tll giltaoriKlthlott'. oiifl viaci"' are' i*jumnm-
lthi, a in.' ri'.aarl ntittatl iw bilnl its ola'a'tni 1alstitortlamirga linliv ntli'nnutetl. Thatt it, tit Psky. it thev ltrvi' thawl ilt

ryiltiojtllan feat' ilvia'tltmnultM moflq g. hei'kilttlltluI om bitt nla itnl itriglti flt-w!ai' It. ,%ntlI I1,,'
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32 THE SCREENING OF TARGETS BY THE ATMOSPIIF.RE

respectively. so that the differenee in their L;riiht- T^A•ir 3
nesses ABo = B, - Bo', then from equation ,30) ....... -- -- -... ... ... --

their apparent brightness differen.e at range R iF Sky Grounad Sky-Gruund
given by condition ronidition ratio

All R ,Ovecst Fresh •uiw 1
Overcast Desert 7
Overcast Forest 25

.. Variation of Apparent Contrast Clear Fresh snw 0.2

Along Slant Paths Cler Ihae,.t 14
(lear Forest 5

The variation of apparent contrast along slant----------------------.. ...
paths is more complex than along liorizontl paths. 2.3.7 Horizontal Sight ?aths
This complexity arises because the apparent bright-
ners of the background is a function of R. Let tle Along the horizontal paths of sight discussed
inherent contrast between tile target anti its back- earlier in this chapter, tihe background of the target
grotund he dcfined by was assumued to hoe tit(- lorizon sky. In such a case

B.. and Rn' are identical, and therefore, since ? =
C -- , (34) R : , X, e•qutitiots (36) reduces to equation 114).

liowevt r, under some cireumstanees, the target mayand thealis a ars *t contrast at range R by hit 'itwid against a .blitekgrtind other than the sky.
7--:: For examle.it a ship at sea may he seen against a

/ti. "-ackground formed by a distant land mass. or the

If liuathimos 1301(. 1331. and i 34) are siuhst ituteti "targtet" may Ie it numeral painted on the side of a
in cqUatii*s 135), tit(' law of contrast attenuation Ship. lit sueh a eitsta, the aplparent contrast can be
tiolng slint Ipaths is found to IK' calehizatcti by means o W euation 136), if the sky-

r grontml rttio is rephlaed by tile ratio of the brightt-
rat, /tit i36i tto'' ,'f flit- hooiSon skv in tit directior iwf ,hwerv'-

I) + tion tt ftli inherent hrigh aetw tfI it, lttiekgrttilisl
i,'. of tih target.

1.3., T h e S k y-G ro u n d R a tio * .3. T V isib ilit v o f M is try fin d

Tilt' uanlttntity ' B,. It., lt, 1-n eahit tfltit sky- Naval Targeto
groutiv rilo.ti (In a iiniforily ti t'trca ,. thyil . white
tlirt- i ' rt 'ri with •ntw,•, IwB' • I?.,. and 1t'1 riargrts sif inithary nnd Iilavai inttrt.t ordinarily
.kv-KirU snl rat t io unity.. unt itn 4361 !ihen it' - . ilh tlttcni it vury m•ta0 l antliti ' titt tilt' c te it e t it, As-

duet's it. ,,'rver wh,.n tlheyv art' Vit'.wtl ait lititing range, It
^%teil rllhm .flit niling range tf visibility is t-v,

SV111,4371 witn i n lyt tt Iv h* th- olindivitin of 'it' $b tl, itthrt'.

amoni any lint' toff ight. vtr irtil. vhatni. tir itrixotnntal. Ihtit almi ly 1iltv' a1gtlittir 'ilt' ttttl t'i tretivte ctinlrat' iof
I'utitr .tiher t irt'tnittlnwtle, lit' sky-grind ra tito, flit tsirgctl. Thte following dhitll-tp' ireentis datit tin

isrovitirs a ml'n hv by acirb thv law of i titittamt list lw'retullIticnl enloityv-f tilv litian tiaars 'rvtvr tnn-

-Wctelailitin .:tlhiig ?'hint pals1. Co.,i Iw. nijtltdilu for til1r vlrtilnllv nil t'irett ntnr enr'tiintenl otit.
1114' efftt l of !ightlna ciditis-ns. grs-unsl rlt'eelianetv. tihttsr. The itian,.r in whirs this iitorminition e.1l lti
anlflit- th rit'Otnatin tit flih' lin. of sight w t rwit l ra"iect ttiuhtihn.l vtit °.. iw - e if c.st r ..i t bytl . t.i. tit h

its tt ll-Oin. filtt Imlit.s•llhltrP. will i•w trs'ntt'. in I "taltlshr 4 ftsr 1I-.-

Typical valotr-4 ti t t, sky-riunsld ratito for a olant sare 4I tlrgill vit' tt aiw-ti vis4 horixantul p1 ath. anti
itatlh il schn tlist ihdtl in Fiure mn, • v•r nit'i its in C'haolitr .f c tr tilr ' ei i" rg~ts :it.-'t! dwtoln-

Tithbi 3. %:0 :•nling a sl1antl 1is!ll.
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PERICEPTUAL CAPACITY OF THE H2.1MAN OBSERVER

INf' 0\ RD L CiT ION .7 INFLILENCE OF BRIGHTNT-SS

T H V-MUY O ftoks i inlunee nct uly6vCONTRAST ON VIS!BILITY

suchphyical actrn were di~rseuwq~ in' tht TI.v key to a viethod for inre-itigating the in-
preceding cloa1 ter. hut alsti by certain plsoysioiog~im tf.t!rnce of brightness contrast t-ýthe visibility oi
factors. These ineitiie Ii? efrcfcet-ý brzeu:, and tarjx;tý wa.- giver. by a prtliwrinary rxperimmtl in

color eonira-t- of the t*7t~t ag-tins:-t'. ba~kgrotun~l. which the vi -bih~ty of !'-e silhoue~tes4 of typieai
the size 3ndt shape tif the vtirgm- the brightrA'k. hwev naval ve-,e6eL n.' 'iirmraft was. -t-m'.rAe-t witfi Me
it) which the eyce to; the tob.,rver ame adapted. and vi~ihil.:v I-f eirruiir -rbuts. Thi6 experimuent indi-

thle e ~ditha.s InLI teChmqtieiI 'A 0t*C-ring. eftted that, ordinarily. uniform targets tof equal ame
Previtus inveetigations, havi: -61mo ino:'slvl the anal eijua: appar-rnt urotta.t are equa!.'y -visibl.- re-

entire u.-viul raiage %-f any oneC .4 i~w~e faetor4 .and gardes--m of ti.eir baslio Accordingly. a fundme;tal
nav.e rnevvl- topae~~:a uw~wo o.a ., ct.amirned ef- :Ive-tigatioro of h!e vi-ibili.~v of ireulr tarets wa

feet ef. all .'( thv:v. 9 n",msýtantlv. existing %xpen- rir-1 un-leraken.
imentl da'a !-.v rarely iseen applfiecible too thle
visibility proliletti encountereod in navalad muti:ili- `2 The Visibility of Circular Targmet

lar ovrthe om?6.~ The major ilsrtiaun of the 'riffany hinvesitigton
Fritne ide the out eri-m of th tist 163.r" eDR. I-w3- sle'atiea to the adcternli1waivo of the eontra.-t of

durtd uderthesuprr~sonowiSeei~mW3.NMD C' ircular targets a-1. slkctc-d atrueters which were
it was the basic p-an to in% miazate the varimis ia( ji1vil gi* nf- ac-gonshvn
t.-r!. mea by Lwe uvra zheir suitire ranges in such a 'aic~, ihltie agaist fn=I"ary takgo und0 hot-amben
mananer that the fina! tiats eaaisti be uý- toi prttblrt .. b. ganse rml~to1X otInbr

the vi-ihillur ai Staval aal mui 1tary torgett.. Tile Ti.& ta.rget -limnoster's~it 'k~mld 3r'kc. r~ 0.6 vta.
enrestigatiasa ~ ~ ~ ~ 411 ofteiiyalaielfcasiwsnnutft at thor vye- of the oh.'ervers and tar-

vitted int's twos isaoite pricigalt-. -me concernedl with ~--ioh agae nlsakrtE hi ak
ite uifiu~ter of brightneoss contra.,t k~l andi the r!ia."xue.

oither with the influence of 0010T.r4"l coEUt't't r Vww~wrsT

The o~us Ciwfn TuanvFaanaltaam oft t ~tcr 1:e Tiffany Fisuntdatian wao forewarnaed by the
Bay. New Yosek. w:*mis eaust-vil undeir (Contract jutislisheii~ rvwu'a oi earlier imtiaestotaios 14; r'~i~
i II~.or-.W5. mi emuti~wv an eirin-vitcinerstipltill ,1w- ritsysmtttilwlity of victual expefimenw 1.1 be

nf te iflunceon ~diisI~~ c th t~~b~~vau- ighITia rrtie. For tlii.' rewAne. their firlit experi-
trait of targee If al 4eie' andl .Aape-. at Al bright- wr ~cm o)i ut ftehg
ns leet enotice o daaot. m 4wnight. Tho lawnt.l werm leatioinore r to del t emuineo the high!
rrwearb i6 aksribraI ir 4"DI Report No. W. sabepeww sart iewn h ~
rntitled. ISibtlifi ,I Targets." nature 46* V~1 fmu Wi 1U3414

The satdertiofr ad oli-r rcisoa'ra w ma- iiis-zater T, Tko . rot-Pwtona' Mdthod. A cirrular stiot of a
~ ,~, rA~fl... K~~lak4 .s~swsf Rsshr-tI%~ ornt iair w"s rftIWO&r1 by Ii.xjcerlisf nat any 1W Of

Volk. tindeor Ctamtract IFMrl9.anal the revolat, atstbt equatlk tapare posaittaa's arouandi a elesely

sret. sefaiut g (~PI) ec'rtN, ~ Is.-a~~ * 'aAL1A6%1 aojms hormted at O~w sIt fthe
MS ftsbw 'eara m 1.wsL swfity' As'h~w `r`%- The "ZfrtWO5C" of the aPsE "WU* !"it*

therein, it is prottible lto evaluate any colaw contratt IouId wa -ur that i. othmiht lhoe of equal kmglth
in trtriV of a bwigbtciAa -t'mtr*.t vicliiinx the toame wii have ut UbVimAIM an aule .d alitibcaaiilrtelr 13

i-muAS aruity. This makta it pt-Aiblo to Eat-mhiOCm .'~frIieuv~a ~eai.yn the Pr a
influctrev o sit+cr comrams and brigtne"s rotaimtee ;aonjatar i sr 6 romot to. sduring winch tuart the *b-

in on~ais a mar 1'ast 11W vianal raparitts Of a typ- wrvirm. wtre sttalkal *oy the vsaaanl aol the buzacr that

seal hwiin jalaservto MRa he epripoasii guaflhlt?! *-.-- 1210 i.w a oliotu~aar .e'waa' V~ tie

CO.NFIDE'T 4L 33



34 PERCEPTUAL CAPACITY OF THE HlUMAN OBSERVER

tie target wits lres,',iit, lit 6-se'v itul 'vtarcilng litlte For t argets (,I low (,ltriit t •T -n 'nigigh level.- 4
+ was coliifltrtd to toti pi l t'! t a st'nlilg rIate af attItat]ition brightness, the time required t t ,tt ++,
2.5 degrees per sectond, it vathlu consisteint with tit e tultimatect'orivr wits fotund to bei imlractivabl)Iy hiig.
rieptortedI priatt ti' of i -tkiots aboard (Ii rmI(''loal soii- WIicli. lio we-vr, thle target waits confine i i,, a iiigle
manu' s. It was sflit'eiently sliort that, with tell fixed it.osition and the obsherver wits required to re-
ihlsvver-', it large italiugh aillwr1 oIto 6htisrvati. us port ntly whether or not tilt' target wits visiblt,
Cobll I he tiiken to pe'rmit thlie lininal 'mttri'.i t of tifth Imxinimln screi rs couhlI be uitain,'' with reasonably
t:irgeL to be dt'eterininellI withi a hiiglh dlegree if relita- .li',,t teil . tt iiin tiiioe I. "ite target, wits frequenntly
1iility. O)riln arily, it tital tf 2,880 ohsivr't ion, werp ailbsenlt, si that mitre guetsing was ilistouragidi an'd
madle in determiniing Pach dittini pIilnt. alltowacet' fi its inlthuiee to'ill be based ,in the

erroltvotl" repluitm tq,f dt- pi',l te ti Oit target.
: Ii. .,t. l':x i't..u l l.T.t�l.'T"'ho risiIts of thlie preliiinnay 8-]poiitimi t'xp'iri-

I l.itcr ill the wairl, af'ter tiet, suobhjectt if s.lcarlmll hi hiti lt llt'ts st'rved Its it v'altlute guide in ,electing the key
bht'ico at i ltjor interest of the ilw eit ions Research I 1rinti remirt I tit :)niu(tlt'l' iith, lin (Irvts. riiis
Gtruup, t'( )MINC'II, U'. S. Navy, it was no lit hngelr %-,as. in• l'Lit., inlee teit' singhe-lpositiin eXperinilits
necessar'y or (hiiriil,', to make any assui•ipt tion i lo- ro. ohu•i not hie coniductt'd Ias millylv its had tile 8-1u.si-
t't'r'lilmg thil rate of seirt'ch tolt' Ih v di sttyc by ail+ jt ione.t.n Moist of tlie t'xperim lnents with hlrge t nrgete
oh.-'rver in tiet filid. Molire'over, it was round thut at Ii 1g.h-I righitlli!s It'\e't'l, wete' repetitet• with tile
tiol simplhe ,'-, :i'all eits :ieP•'twt it~t the dli.,metcr of thet SinlelI-positioll nlclth•ol, tlold it rvplrevt,,, tlit iv' ,•tlect-

slitot tiittLtC ititl tli ett'et if the tintl It iawtlo I for tiil ,if expetrimients ftr isaller targets ani t liwer
,tcart'h. Fo r thIste rtastuls it is felt tt t i't ristult; Iof hriglitntsstq' wits alsoti reletateid, Thri' p recision of tile
tile ' p irliinary vxt ulieni t st art of litltle It ' Ii ttit' l rrtlIts tlj. i-tiilkd with tilt' 'i5llth'.1-,ositii ii loic'tliIiI was
ili•ptrtant'it otlthir thin tot ilhlustrttc the le n eoi'rit shalCn ilnft'•rior titt at f lift' S-l i+sion ut'it chi,. 'tm,,t-
,l tile 'isibility utr't'vesa ion I t i litit ,mio l tls It, til-ti qUtletly, liit'ii r\rvv. rtellivtettiing thet si.glt'-litio'
iagy Iv nrt, lului'ihl di''iil i otX'rhiict+., rti' lhm, ihsiblt'. ~' s wers, drltwti with Ii rings oil sli 'pes silltifar

The *',inVe.Po,,itio+i Methoti. l'hie titl tvxlwri- tit those of ilt' t'turvi's rt'epr.enting the re'sults of the
ilents wtrv, ,tktigntvi tti tlett'rmiine thl it o l li'libut 8-.tisiti1tj experinlitiits.
of \i'isibilty hlow'r limit (if ll'-t-visilbie etuotrnats, Tciw Ceuality if 'isaibiliy for ti`<til light and dnrk
line time for ohrt'r\iittioin lIsing midli that it Ioiger t'riltlmasts wis i mleoi trmtttic by ',xýi'rillletntS With the

liritd liroilsm' I I t iower vaiil, toi liliminilal ttotrnt. 8.1 ,sitito ilvt lit he itnfluelmt' 4 I tairget 01t1i.

Ii I";..iit t. tMwcrnPalm 1.uown al Tifamty Foumtjlnda,
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INFLUENCE OF' BRIGHTNESS CONTRAST ON VISIBILITY 35

A A

I..

visijbility was~ determiuned for various Ibricgitrses, fany Foolslilt itpii. A lagi viouilrtil And rtvc~oA.1il.
i'.slirn-st-, moil tatrget Ptl~ivq ivh the' singIv-jN.4t-ifn rhaliaair t Firgirt' 21 WnJS !11111(4 fi~t III)( C114 tm! tilt

Apparatus 0I fiia five tinter a . hiaton wiai ux'tetivii arta -in.i

iiitrrnpgiiietst oaft he npllilttrtoii iatil4 Ity Tiffany. The' ftiwroo, wallo, erfr- mail All that furniphainit.
Theset we're: andi ncrsot'airit", within thit ialau't'vatitin noomi land flat

I ~iiiuII niti 'i ht in' t'attelletlet Aeal~rvittio-11 by w~'hilt' fil tei.ia T.- av'ids iit- h tuarl f Ilit it aii. en ruc 10
ai istany so 10 fr&r'tu et 0.111aer, were' arn~rra n oy ul itive'ri.. ntapaa~imi ~I'irs,

2. Janve'ntstian of htil taret' eat fratiioet :nh 1 a.l #'tjt itifve'Fiit3 htoaurti III$- frotit 4i lilt- ms.ga s~ hown
lair inicirals. in F'iarv. Un and 41s, Tial' frunt wall. 10 I"rt safuare.

3. J'Pr' $0fil 114laaiiynaIittiliul ofat ealiltant ws Piuimtwali andl unt'bastrurtr*l andi hail, tioring inatis
pi~~iiitihiO atle. t'x~i' imm'ix, oafily tine msesiul hrItoh I ti~slei centert

4. Pirtiteiwtt-ic tiwapttriiwtit'i lanusad txehwd~tly thrtagh whihfltl bo er fle iibxotilm 1111 was ad-
$In tit'! US.' ~af sitantifitrlnit 11114Andl tle illvem.~ Pagialle iiillv'tl Alastitt 6 fees wen- ntvailnihak' t.'r.nt thile
low. 1; -. t 1 all or tile ,itw-4"111s nuill ean.; u"

-I. t~i. UjiIsly ai itantuo sltiflig nflhiitltWhs with
0110IMMI~UM ROMn ve'ry Paitall tetaqro.

isivi.leerviltajom., .ý 'r., isiadi'i ill a rtian.s 63 fcqt
W4n. 12 feat with'. amnl 10 tith high. Thisi rwsm, Iit tM~'B~ A aN i1,

4auritc of whicrh isi ohiwniin Figtzrt 1, was e'ain- Hitietitni ral tile .ii 'arvirru. in Iraaffcr ht'ional the
pietraart'l of r1ywnumi 1amiat'lp ;ni~ a nistt tile TVi- ijt.t coI oaf tile sttir baevm' wer fiv banks it(
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36. PERCEPTIJAP. CAPACITY OF THE HUMAN OBSERVER

i

Fu"ta-a 3. Photogrulrh of uitrt.ismrn in station,. rorjeetion ifew.

Iamms on earh sitle tif the room tse Figure 4hl. 4. to 50 per cent for tile fourth panel, 25 to 3o per
The.:e :lamps illuminated tile. room qluitne linifsirly, ,ent for the fifth panel, annt 8 tit 1.5 Ir ev.nt tlr tile
espreially the front wall, which oerestl as the fiei sixth l .nel
of observation t(ew Figurt, St. Part or all of tile Ti. achievi: low levels of illuminati.n, #imitll bullh
lsolp, in each tr-sifer rouhi he operated, in order to were placed inside light-tight brats tubes, each Colo.
produce several hvels lsi illuhiinatiim in the room tlaiiing several plate of( ground gls- through which
lnd ion the ohs'crvatin scrern. Fur itoxlerate and listh light hall to pia". i•ce Figure 7.1 The luminous
hiigh Itvel,. general ,service bulbs of various wattagc"e 4utput of thee units waa adjubtabll l1,y varying tiit'
wtre installed as thown in Figure 6. distance froun tile bulb. to the first gr-und glass, by

In all eRae, thi arrangemOWnt Of lamps wai, in. varying the number and .saliration of the plates.
ondl.dl to proIduc a gradual trallation oif hrighttnew. •nd by plaring opaque annular diaphragn m. hetwt :I

frlsni A lntxamunll At tile screen tIl apprioxima&tely 10 t0e bulb anti the t!i"t gri-Oltuo glass. These dia-
jrwr crii is( lisf lthe iiuistuli near tht hlsorvir'•, A leid- phragnus had holes of varihsvl dianmters, to reduce
photonw.ter was OKAd to insure that the diri! 1 'I- -tlihe aisusnt of light inrtiednt up,,ot tstol'rsinomitted
tern o( brightness wu attained and mnint, itid! hy the lay1rs oi ground glas.
thrlstlghot the progra'n. Fist experiments with, tar- For tile observation of targets darker than their

eItt bri•Itte. 'haen their bacrklound, the brightnes Iackgruinuln, part Or all t.f the illumination of thie
relative to that of tie wrmn wia oiloprmxinately 96 ,,rrmunsling ,errcn was ly p ',"Olcs, as deas ribed
im" rent for the finrs psencl, 75 to Wo lk'r cent for hoi. .i S.4e.tin 32.3. In the majorfity tit then eperi.
geomitl panel, 0) to 70 per cent for tile thind psacl. nownts, the gratdation of brightnis. frum tile front to
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fu INFLUENCE OF BRIGHTNESS CONTRAST ON VISIBILITY 3?

SILTANIARD LAWP

STOP,14 CLECTRIAL, "M~ill TAM69T

NATTEIAI CONTROL LIETLLUNIN-

Powl ht IlE TII A GER TAMARO IRfailivsai ALialAAIIUm UinvAOW Islas

TRAP CARRIAGEsaiw GRER EI

* ~APPARATIM
* I~~iiciiii 4. Toll vie'w devatoI (if oh sc'vat ion roouzu hot tut view plan uf uba.'rvitir. roosts.

Additional projectors were used in Arrangenticuts V
and VI for targets darke'r than their backgrounds.
Arrangement VII was used to project targets in a
single position on the eentt'r of thte screen.

fra geu a U. This was used for expserinients

411 L

I

lite rear ltilttc1* waa oituilar its that furt exitjwflenttt #LN

with targe'ts lorighter titan their haekgruund.

lsui M 6 4 too w.I,-Iia to Irtifaw al DbMMfvatisnt

Projedion Eqtaipwnt talns.I wi~th Isanw armnitnI for mawlcml awo high

All ilite targets were produced by jpn-j--etiol of
additional light an the scerren. A isingle lantern-slide "I p-'- !or output wass "uret~tn. Several Inter-

lv?)joctor (Figure S) w"s used fort targets brighter chanooloibke metal Isates with sirgle, riund hoi.- of

titan their stirmuun~litip (Arranpitvitritl I tis IV). varititis diaitneters tin the foral plane of the 1 iojcee-

CONFIUFNTIAI.
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to. t ,li Ilrhiv, l tu , ,l t, it ln 1 g 3.60. 9.6J8, 18.2, i iisioins , 1.00U !(i nintv .jwrtumrc , (.762, 0.540,
5.7v.?, and 121 i nut, i s at ti L ,vv(s if the l st , i 'h rvers. 0.372. andii 0.235. Thi h, tilltnii of tLi tilt ., 4:,-k. ;tii

An it'hroinat ic pri.in large r tIh!iil thet it, liii, %(Iit ('onsetqu•ntily' li, (icontrast, wlsl indicilt C ttt ri JIev
in iangle of ahbout 4.5 dIem'm4", %ils mioiunted I in froint Ib :ti 8-poiat .ýwiti, shoiwni in Figure 10. An i pipm

j inhlatt (Figur ie 11 rI Se rvd %! i shutter to l li'ti1 'n tilt-
. " "" .p iroj' itiiion oif tii(, illiage wlilv, its pi,•sition anid ('I'il-

tast i' erli't-ing changed. Ai, t't.i't nt r ti itii't o ' It1

"" • ":7 a cirvult t h::i hi t iikizztr itnmid whent 1 e,'wver the'
.ititter \ais opiein. The duraimin of each pres'unitation
of t lie target u as 6 seconids, wt'i a 6-second interva]L •-IUI~~~~Flul lt' \\''l

0"10A 64 A .- rrantj',,ii at H!. This wa, hIStIl for vxlierillnt. at

L FLSHI MA interndnti e limt righitnesses I Figure 12). The aiI ~ ~ ~ 111(111un co n tra'st wa-;goi ~ v.flm'i by neutra ai absi ii ng"\• .G' Ii UNI fIiIt('i', insr'ri between tei lt, e uitilviiiv nziid 1)lil con-
UGimb-.AS9 Pl.Tays"No0 IIiIIA TU i -l tast-fiiter if•lk in Arrangement i . [ti!e rhnyje

___ , ','I filters %%tre se'lectedl fur each expt-llilin -otfiicriliiig

ilit 111, 7 (r ;,; s un of troffer and I ith nit i taiic for ti I resuilIts if it pirel hininary su'l .ir i ivs o Iotsrv taiition.
low hinilchii erltiiniitnt, ()It, n toe stelect i , •I11e were unthaniei thIr, i ghuiiut ciii h

expicrininiiei. "i i sl tii i i trani it tances of typ'alm
of the lrojector blis. By lotaling thiz prisn I Figure riInge filters iire shoiwn in Figure 13.
0I, lith target coulld Ie madle to itit,'llr ait any one .- 4rin'ri macit II This ivh's usedI in ile, txjmerinieln

t

of vight toquiangu!ir lwiliinis, tvach 32 inihtes fron with siiivallh .ta uN thni, hil,,•est ba-kgmiinol bIri,-,h'-
the center of the cihsrvation seren. A set of tight ness,. for whhich alilditioiw firlit was il'livlle'id h'y ai
.lectti. contacts wu provideld, one of which cov- slphivrictl iirrur hlictw l K hin tlihe irojet io in Ilimii

leittei a circuit to indicate the pcisitiuin ..f the target, in Arrangeet I t'lhgure 141.
The contrast tif the inojitled I.naght target wa .i Arroqhturnsnt IV. Trii wla'i tisil in til expll lrittiviits

gOvtrliell Illy filteri jilted I)t'tW'et'li thie cit, len•r wilh l:'w levels oif aldaptatiion anti targets bhrighter
hlet andi the target uitrture, as showi in Figure 8. tlhant their hackriutds. This arrtiunitie nt Figurt
Four filte•- ninunteir in a virttlur disk lFigtire 10 I151 wa; thl f inlli, i• 11, with hlst auddition of t ". .-.
could tw interitse!, one at a tilie, to aclthieve ttni*- tit r la(iei- lmlntest otin-half intchi fronit li te..rgt

P@JEOTION WATE APmIRl HAN0* PRjOATION
Lamp OSLL PLATE OMEUATE L.91111

6RUTTER

/ /

O.DSN~ OOrll. -! OTATING
LENSES VILTINS PlOim

V..lw a hir•uiuow Avtnarw-'ri I. utr lt 1 i4MV. uihurt th. S tMirkti , " nil.:1h hwhul 1mcrkeistuial hwilithint.

IDr :W)FIIENTIAI,
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riiffitinig giiis.s rvi'uieii' nmqis r ivlvcIv th fl tux pruu- wnsi tit iqi~rvzv ti( ih ptIece (Illh

":-4 IilltuM ill tit(' flical 11hue (if proijetoir A. ;'!:wh pilate

'!r---- SPROCKET GEAR ~ ~ 14llI~( :'~o h

-*---POSITIONING6 HANDLE

..- POIINN HOLE

-THIN PRISM(

N.t 6KI.S tle % lW liosn l-irl

i.Ii.'rver'. Tot 3en4'Ia , 3broije tioll tit viltt I wl je .'h t'dis

lite octtve, thet IIatelititivitr VWitt milljisisrtt-.i onl joint,
Fvt ill twit e.31T1W1C1t Kglllr uo "hiown ill Ftir W~ tlite
gliwili~ee I titi thelrltvt wn* infrlvei~llttI 1v tit- amvt

vivtltrit, ,Irmommitttti~t- n w alt tawtd 6ir list: lirigi stitr.

A filter oliek w;ti Ih :to rur. *hiori jiti' gi
IV. wait touIt1 Wili wit-t Axii, *1 reittlflisit lintidula

SWI~c~t INiters til nt-~ qt lt ire-l~tor- An~t vr'lstv Illotim hlrls

11111T filtv RI O an 41W.4114 ptai enitrllm la rt i

a...,nvourrtuf lit Furi titon oytrm trttits III, ti-two-on down ith23. twirenu.ta. is(t' flip isi thitw wskiel

darkor than theijr Imekitron~In. a jtftir it( glrojtrvteer-e kaowes i oflipt ovi'tlur~e.

C(ONF1DE%1 11A
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PROJECTION WATER NEUTRAL APERTURE HAND- PROJECTION
LAMP CELL ABSORBING PLAT5 OPERATED LENS

FILTERS / ShUTTER/

CONDENSER CONTRAST ROTATING
LENSES FILTERS PRISM

i:1. I'nsje'etr Arrming.eveeet 11. r.,r till( eieeeeI~il h3 I'kjriiktfl~t b ristbittv'',.~
l' k0 JZIC'T0 R F I L T E R Ils ithsfjIitntettaIrgtc hen-

S - ndngert'en w~as mintuaint-ti itssl atpirexitely till
skiulte fer til ii'(ttrutI~s, whichl werv' itdictirtd vier

trral by a switch similair tis that shown in Figurt:
4t (if lie wven wtst jirtwited h~y lighting units Itwistte

I A n the trtnifer hehimad lt~e siole-weill lmetes. Thev tmr-

.~LL itwhile the. ltweitin meet rimtris ti(e elithe target were
...... living clill"Iwel.

a 1iitarv !le 21 , e w asrmismelevs- it, awiteiI en is'x
elisaii tge. eewsrven ikristletitt-s, inli te itietee \do he.

t - 1wrvii linentnttusno, rwo irierejlteer ilhumtiolinte Ilhe
wnv uttiftirnuly 16 hlit- %&:er*eleg were exii~mtieeis~c-1.

Ill Il e twIt(atlinry filliro vatch ~Irulmoier was

Aliit I~ Ieeeeatite tiesriletiltne' s ea lit earert4.ctt

Ierij~ter 'xitch exlerittim

i lltweinalte-I 11 wi te timokini linsvr'rt. An sauxiliary
* ~~~ ~ ~~ ~ ~ I tet~iorli9%I22I wag 't~'Yt etI~eeintn
ýi:' thr first Ittwrs tl lthe stillorvatim riumse in voinnt rx-

Issie- etnit v s.e nI u. lthe riontruhst isk-i . ther stark
itisle w111110 C1el11tW inemnt 1AVII W1144e11 s jillitg~meeendj

bea.. 4g Ilse bS i tj6 tetr . I- 11101-1 1441 *111171 11

Fegwe13 itustre ltwsnimt'lsol~el qr on itnijirter Ar'ategmismwnlI stroll V wrm altisi u..rd
Vistw' 13t~, NJ-m.,t rumsmllr nas~ 1.0 1% swillJ~1IEeaI~etee I sna ~'a-

1hete' Isrhissum.elbl a.etise~soif ne "Oh Ie.-T gelrqlvve #see nI 44-cnean IleinkciI I I I heenlvea. 1tlw-c



INFLUENCE OF B!RIGHTNESS CONTRAST ON VIwI0LiA'Y

PROJECTION WATER NEUTRAL HAND PROJECTIC.4
LAMP CELL ABSORBING OPERATED LENS

FILTERS SH~UTTER/

REFLECTOR CONDNSER CCO4TPAST APERTURE ROTATING
LENSES FILTERS PLATE PRISM

Fe'e mt. 14 I 1eejuvi cr .Arraukv~ micce Ill. f w meitall larel t enghg lo ic tr tIm tait l Iriulil #4 lit. Lccutine.

test.4 veritieot 0!: - pitlivitzht ial cc 1iNTIVIa'lI( ef Viethil~ Il el OWheeirget' ill fz tuent instanceec. siet litut the ile'o
ity i 'le nl Ajlliolettot with eirvular torgets e'f tfill- 1imon tii gut$$ivig 1! rvlxT NIssCilv liel 14 eImde~trminee d.
-3Une lkrvt a1114 contraivt agnitist lthe barkgroeunid o.*%ei.ll-T~tryet IProesiltsitea . Ani espentuiinlly differ-

.4rrusigeament Vill. Tit prr jett at fiked centiaid spAe, vu alrraInkize~nki- of1 olkii)pliett winec tf.eI lir eximf-ri
the target was thilaaae imik il aeunel littl fin ian aImwr- ImkIt.4 with \-vrv e~itimia tnritetec ,'uhetninz 0h.6
lure pilate, the litle eentervil en the ox.is t4 lthe nainutc, P'r-ijeoviel teergele of thiel 'ize eliot mait Iken

lrnijotttt, as A~onW~ in F'igure 23. Thei uat'nid nal- timit'iblt idh hAutnt klelhit hillo. mil4 cetoule I lalir etiitt iat '

ourbing filter* were oceketeil foer titch aup rhimiwt, ee~e hw macearoom l with stiffiithietetcetrt Fiur tlti-e*v x-
(lint, eat taicaximuma eeatintaoet, thet tiaritvt waua ukarely perinlientio. viglit -itatll littlte* wcre W-01441e it% tMe frotnt
liecrrehatiblet tit all o~eiieel'Vo. Feeim hewer ehghnleo tsf woll of lite oeheeervatawa roteen. Slauert !engthie s pfli
t9)ntroplt were ebt~aintil (rnam fill lifter ehg~k ?'hoewu rehis, 3 miclhhinadere in 4hnaneimtvr, wvent i-t hvol tliriiiiihi
in FiSpirtV 19. Au Ohietltw plate oaver tciniel t(a aIic i t har.e ( item oltes miatil thecir eftoib weie* flkei-i %ith tix
teate eof thio elhuk wait utioil tee prevent lit- harejeirtikil in-ide' ottacnfe eel tlw wlt" It 41111. 14ra thi e id file AO riuieh

11,11104 tION WATER NEUTRAL sammW APERTURE HAmS POJECTIO E0 xIT
LANP CELL AISOAS11ING GLASS PLATE OPERATED LENS 011P141

\ 11ILTERS11 PLATE 7 SHUTTE

/ 

*

F-m 11 Fmjrie Awftrew"M IV. (at leaww4. 10"Irf ha V60 .
4 *06h h.gIeeeadum 1 a I'm briotamow.

LO'IFIDKN1IAL



42 'EICFwrVI.AI :APAC111 OF THE HUMAN ONStERVIRK

PROJ COTCR A

PAWIPCTION WATER NEUTRAL TARGET APERTURE MOTORk-
LAMP CELL A1110011I1141 PLATE DRIVEN/ITR SMTTIC

PROECTR S CONDEUNI C W AS APERTURE PAJOTION

L INUS FILTERs POSITIONING LENS,

1' tIft Pvtoit-#.w Ambsro i V, tow tlpr-1l tltirfr. thaon kla itignmosoi

g*m.xv poaiotem dat 1i~ 114sirk is. lut~l~iga~ts all W~u like "itimhVI.Id wltti llk. R1.1l 16% at.-ir~ ng *tile
0.1 nel r otb. ti le "441014..ls'ni Frtrl of *-alnlw na..uw total 1,40¶ ilwiolo 1~nr~ 4 tiletta otltu.r " thatgrti- gla

i~unn~nn %$I sth olvilsgl I'latr Ivy It%, 1obir I-( MIna.It. f,Itr't was rsstnbluit-i toy the 4l~iUsi .1 tle
Nuonilwrt 34 lRounim win. esljl-olol *41 that. withl 11w s.qaaI gla-to slur its I1w *iwmnh~wnt losusnt! 11w~ tItinti.
takwrtAieoi orn-r. ,ctt t~ it e 11w i m'r l fsltr ile hiattatt I'n-Vikk'l IlV tll*s 1411l.. rtltll'l lip .ILaun"I liv
gria-, trial wast onvioilvirt evon IA viruest ittutl- 'is n Varyi. it- i.1;'t11 Ilw illa 'Itl gu.a" lant tlt11

v~~~~ru~~W Iliar .kA110 4~ ,(n.016ii4 hilts-re lW!s'rn :IW1nw Ini. 14"21t 11W

ti tlltw .ianlt, litsirgvte. towt uaru,sltiu* a*-'wn it. i ~i

ollinsI the trultiecI"k at( IIt toimt.ITi "In. 4tuii Ov-e"v .g

"ineroicoli ltti"lIp* ORA *ing'two"I. at 3 mmiit-. .. tlait ~j'' S-k..gj.t1Am t3f7AI t.j.at1t.a 3fj; opat
Ow j~ lingtmtnt'.rtit4 .ally state ithr t11 laoe n-to asfltr-t~l I u~ift in 'livu.tu utwe R~ Vu j-& ti lea a 1 r-'"flhs

Irwmo lit- locrstl.Inor ft t1w Pnruin. aNglAtkVw "n.n s'f Ilro1-w ation11 "IrrM. WIT-ng ti' sanjpj hue' fib-

trapot. islitrk trInmcel is te',. sfumtTl Iy-lab iwrratin wmrsi slointtg mlrIttitiwtI1t with dark barkg*ru'ne.

011)4FtDKT1i All.
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rv.1 hiltor apil t Imilt, in tit(, w.ll a- lre~!Oy lii-n- in noy. oint vxpt rtaiiw Ililt spot-?. wIe Ilii 1"k :t1 14
tionil . Hud ri i ,. B~.idvtiv Ft i.1 ~ iiv .O It-am 111iii- 111141 thanliu 17 incl ic- from fin c o-,1gc 4-f Ow t a gtt
mvn' ot: i 01 tii, t) i atiaituat u'n andi '.ta- Ilos it vamiIvl'.* r s -sets wvrtv 4o11 incti whien gritater aunti t
dki i-ngui-Im!a fro Owe1 it aelirniat ii tuarget tit all r-cpaizrat 'imi- weret.Irti I.

laimittiim, 'rvip na iorigltiqý, o tii ll- o ris ittatfiin *1 hum,' Eriene'ioa tn t ii itt couise (~~i~tt u gh- r' iI- 3
a,0o wzt 1141Ii~vil fo ea' ch exlk-:1Iiletit ý-o t hatt it wzas 'll iliiit-t ir in ilianaittcr, insevrted in i-i-ta~ in it~t

only bright ecntitgli t) 1w visiblet with ce rttainty t iit tIi .4tini and lighted fro m l'ieuii i. 'rw ir liri14hh '-.-i

1&,erer is rv i liiovils- N for vat-d tex~mriinent uit t hat ti by wcre,

I hiringK tlit" 1110.-p udi ~ ~~-H ttIk iatli.- 111 u c.hlt bit no dit ut tirbiung.
t-tt'r of tile prt-jicthtc targetst wvrv 0.7. 2.0. 3 88,
11-75. 27.88. andI 83 1irwic,. mvlt hsnitiur. of ht't( tar- J Retor~ing Apparatus
get wait intlienledt byv four orivnntion vim thsh. Tlit~.q
wt'tt pla~cedt ini gnuilil.. iif fuiair, aioivtc. hmt'htiw, 111111l it Indicial'rl.. 1.zinl oh.lirvr't wast' jirui'iltle -xitil :1n
vitlitr ,iit of tliv target. Wiathini veth grtoup, the'- imlientuir liitunted its tle rilght anirit-ti of hter ýt'al.

s~jýwtrv tarrakitigve in a 'itraiglit linet rtmi tht' rten- Tla: init'catt'u I Figaure 251 vitii..-tA~ of a Iiatgt tiandllt
ter of tlut psroesction ýrrvvn lt iittaui o( 1i, 23, whsirl, tLý tiliutiervr tiunwd tntil it liiojtetl in lthe
29,1.11 5biO MintiiwhS. r., eitively. Y'i'; litil111 Ii lrno,,ulmhi tfirnetion eorrettl'memling toile lIst w~itiun in %%ti lkh tlet

Xo.... --

set I'll 0%B

vtSWw~ .

A •v~~0

f- att 1, 4 I

O)60.04. feeAl
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POSITIONING

POSrITONINhi

* I POS:TIONING

S / BRACKET

II41~SROCKET

RECORDING
SWITCHI

I tot t:~ I~~a ~*i'ittit~ r 111 igi~.,~',I.iI ioe9o i iIto~ i ~aI in.le .. 1..
1 )11ra v' Ili6I111m gwilnt gli'~ivellmi*11,1i l 1.1o'I lofi hindit, lou Iiti i l . t:n~*

lt-IrIvt "aw juldket to Le. blotndhmllw ild tackkv Iiltvi tliok t,f lit-lwirtilett'1i; thtea. inslivaletd tile rt~l-

dri ver into tile arm of the ot'at just t~utsitdt, the uadlt 1 rapt of Ithe target for Pnio- obiajuitin. Tilt- wrondfl
oif tilc luilndi Rmiled tile olme'rvtr its tartainilly local. rti." t.I Ittiilm was ruifitterled14 tohat lowitrhc of thu.
ing the switdai ifoint in tliv dark %iiou vII41 ImIIal io- Iiargo-Itownitionl frtIflvelin~lot andti nthir"44 like AIrtIIS
traction. Tilec handk' rotated tilt eiintiiet baer of n lmtioi,tntiof list tnrrrt. Ftiarh moiaining row of inampa
16.psoint sch'etor switch, whielt rontitineilil-l Wint s m iraaw~ie ito flit- intlirator owwteli if line ob.
;poin~p separating tilt, vight piloibauih target jwanhionsi, server, lostwinti thfil uahutrvvrx judtgmewnt no to tile

4#1 t 011- ould 1*Ise fi t Iuniititty rotitnc"riit tlghe indi - Itwntinnl o( the t arget.
p'il~lion byth tiltoberver. nhe linndile rislitteil frtly Thlt lnm:ao werr owttralmrlivrhd olet-itetl-atl itrt a-
in either threetaion, mill (lt- P%%titala traý -iknt to V111.-. fuiruiuin a nqfr.Ia~r~vn gnid anal riveirA'. Willi

lirevvit tin ehaeryer fromi gettitng i'hair fr'av m - n obhrut -urwla 14111t. Willi a I Iilt Ioiloe loertm! i ver
of net~ighlsoring switrhtt-, tilt, tvotitr oi rac- 14! Abiove tot~. w-n1 pa! V a

Re-rording~ Boxes, Indirator l3tati) wene tornvtltul lnatv-- to( phlr jWh0ae. flt.1t Wili the tilt of lise table
to Iniiniltr- neeist-diorh~argc htlanljio hotifett if, toirve rtontnamiltl Met "wilring boox rarlipe! Iitiirta fsaainot

itilifirate rateorei hugstixesi in thet.' wth ni roona Thtere' whirl, a short 4 hilt. mi '.4j"- . i. imrt~ly

were 96 !unit* in each Imox in a rertangular ti.-r:u ,." g.-it ',flI A witparnfe oahiaPi vf paps'r wwo pinrl on
12 ýowo of 8 lamp.i earh,. Five of tile hanaima in dic file~ gla's for eatIt. par'rt'nialaon of lit, Iargr. ris.
topt ratm we reonneetotl to file fivet.'strithwo, tof flt- mrerint aas-ilottit mpirrkc lisp papeor malaar efeh glonw.

CONMEDNT11LL
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S lig laitp iFig;ire 2il.6 Tito ditii".I -I e(ordatt 'I imx a-X observers. Also, althouigi ,,suisvrtim.,. i ,,•L

.providtcl i ii( i l otit io riatliet (f ith reco rding assist- ocelpy all of tie working '141i11S alnd although all-
ant andi weiv spares in ease ailly o t.a iwon i istitcwt was neded iul manfy tecliicia tasks eon-
failed. neeted with the projet, it wit-, iliractiLeablc to

The reet ling slhek'ts were nin'iuwred t'ltse(ii.

. ively. For analysis, they were sorted according to "

contrast, indi'ated by the position of tht(- mark in
the' first row, and th1, number of eorreet j l•gmnents (_
Sfur each observer was ei nted for that eIIit rst.
Ineorrect jut!gments were indicated by marks i'I

"ieolnmns other than thie ote marked ill thlie s'volld
rotw. )n evperinients willh fixoi vi nt rid Itargiuts, th e
hande was phbeed at oine, iositim fFigure 251 when 0 o.o

the target was seen amnl iii aniot lamwhen v 0 itt *m¢oe wit.

3O.,wervers /

Very varefil mi.• .. ri, rItiion was given to tie selee-
tioit v'f ohIcrvv. s. Although it wiat necessary ti have
observ'is with vision its tilti its that of |ntval li, .k-

out+,, the use of young menl of service aige was vlnai -

visalte. 'rive nuit.ber o if ,-able iah 'i . tiles t'aih id\k
was limited, and there votild he ito assurllaiiiv tf telih,
ivrntini,-d av'ailability for lithe curation o~f tihu pro-

gri.n. Since there io no evioletri of it currelititn Of Faitr.. 9Merhi.ii 'r lhtiatIl,,rhtar•
vitimal acuity with s'x, young women wtere emlnho)yed filh.r. in proij.vtft of Arranenagmnt V.

PROJ•ICTOR C

PROII " WATM "i9UTRM MOt PROJTU NL~e LL "Kd "N Law

CONSDIU AKIRTuA
LIES•E PLAII

IN COSJUWYMt@ Whit pftOmCtm A An 8

Itioht analu r-minlo in Ar-sii,"twt V.

CONID;;.NTI AL
7-
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O-A -4

r' /
OVA!. IQ II ,,/\TROtNCTOR a PROJETOR A

' S

MtOTOR SalvE,

TADL% TOP

PRO4CT(R 0

PROJECTION WATIR NEUTRAL MOTOR- PROJECTIC"
LAMP C9LL A85001""10 ORIVEN4 LENS

F ILTERS SHUTTER

, \ /i

us COSJIUNCTION WITH P'ROJECTORI A, S. A" C

CONFIDi NTIAL
A'.

II V 1.im • • im I I • - -
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PROJECTION WATLR NEUTRA'. APEIRTURE iOTOR-
SLAMP GELL ABSORBING RPLATE D IVE1I*

FILTERS / SHUTTER

SI / I/ //

CO4DEN CONTRASI PROJECTION

LENSES FILTERM LENS
FtItIRc 23. Projtvtor Arninouemnnt Vii1. for the proj'etion of it fix:ed rI'PftraIl spot.

elkvify winniern with techniclI or scientific raininig.
College graduatecs with promaising persobnaiIties anti
goodt aealeie rt-'ordl wve selected. Ahlmot with-
ollut VXtMIR0i1il th.ew young hwlitA proved adaptabld ip
antid ei•tfJ niso it stoputer, antd terhimi'.I ait-
aints. All ibsrvmrr vwere ritismnA of the United
"$tat"~.

49*mb" 041V4WAMg 6MMu

..... ,. -- '•'.''7__i " i

Vaai'l 4 IIit te. |lhlouiillr nrrnhlflgIltlfl! fog' iIk..--to!

VIAVAL R%4tvItIrTr-
V i, ,..: littI r than 20-20, witho ut gIahtý.

wn; rm uim oif all olmmil u rrls, Altoouli ttt'lLr

S.ilhthalmir examination f i1hw ronvrntionml tvYllw
Sgir .ar-h oiviiwrver, no ,,uilh'on l "Art'i.t ..

found letw the w c nvenlitmal dilm Itnl the results
nf the viSbility lt-th whicli are the printlpal still-
ject oi this chaptier

Limo1 AmormiK'i -

itnee it w o t it.riv tw r" for the nol ,rvrrv t,6 f ihle
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it

FI,'t 6 ittldlW 11111Iltl fW

10tt1h 411110t reehsidvrt -t i fe th t ( e tievhnellit, sti rve'ret. it'e twicl issiads r elae;tiohr tobet s rpleseiiebiitV thee

liste aril'aiseui ntssssewluistrt liksintailse~t its lthe isiie4)t'ss JIeitirssg eltht lst reetill Altisougis nit estisleinsiss was
leery c'.entrilietatri in limrgew usesses tee tie. seore'e'~ ifl plarrl tsil coru eeshstlies 'tiselest'rvr tettik Milne

tile prograsss. The ' eeirvsss prlereeuug iv 41t's 5 l 14td g igete lite Ie t- eal 114lewisecain. li Itcll 11411,10 i"11 thg li'et MIMI
to) ~lilt muline with (100e 1e61i0110 iyvda el$ tit ess 604110-'If hel r tei01:110 rvit lkice'V tile #1w ,UltV of tilt groul).
attlainniicnt, andi it &soe puisiilel tee cs'rif-. mmiseltlc tee i Afterte. usc tre we'ek tor see. crels eelmrrve'r srnearlsel nrr
sslter a halowse if tuany oetirsint. ultiotilete iel evel t(siswt a nti sulesageaeotl otain.

Inin5e-I thast lev~e'l with nrsatarkolele aeeft~eietrwy. TIht
MecteVATIUN e',et"s)enreel of11.ist teifivtcltl o)lgewlvt't'. flasly jetpli.

Ticw. look 4e ,~eierviwtas arvile of lioaaunal ePitc esnel fle',e tile r ec'eisttte'. %thell 1wi'ui ttits'l tieria Iteo Inere
micntsoot etve'ry eilav forlot aaatalle in slu -now' Plir'ueni. ikncewietge' 4get ter lewiS% rrcui5

S~ ~ ~~1 milg nod liru'g ti.v its ueairly tioetal eteeritnt-ot was O 111".'el-: ITswere We"..inec 'e: intermi,
ve'ry Ilnaeotiensiltand eara l ialt't . Westhaktnl a l111th sic0. -hoewn Iy official visitecac whoimbra see'tl tla., wwl~
gre' tet illtitvatiemn. lite eelesrve'rte premiltaly coualdln leel(4r tleist, e lewmntieccu cxlwv'clrw its riseai: lroeq toe

haereenintetnOwI R with, it pabe? level of altalie. afrse 1?4c'vcal nwival -Arr#. t itic.*ti th' vrotip
socia. The' seaeetav,Rtiont was we a large' iextent 0e.'1. 0" elvereo'fe Simi ol s"tl osi-sltflts. owltiti oi trolli-
e'rc'alm' nl RIN wsencoste' eel a live'ly ints'e't i-i Ow seaway rscewe'rrnkp tlist' ~iauuaeeate. practical imnest-
rwistis eelthe sdaily exis.'similents. The' telesrwn o.'e fall- t ofr e thia rrsarc rels wuitre in naarktil revval'a in
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in hi. .. :f •.,, . -n-,,, t.. hat ý ijildgont" w.',r, Eorre(t inuch tature
servicenuen served to sustain the patriotic oti;6va- freiluently than sihe sujipecte'i. Consequently, the
tion during the long and tedious mnonths re•'uired for observers gradually developed an attc-ntive, but
tilet .tigc .un of the trelmendous range of visual q(iite detached, attitude in which they searched dili-
c'liditions of inportance to the Servic.s. gently but were nwt discouraged when tile target

IDuring a delay in the program (eaused by instal- seemied to lie hopelessly invisible. They I'ased their
lation tof a new heating systji in the buildingo, five indications on the slightest suspihion.
Snihclers of tile group were trannsferretd fot a it i tlth (hbviously, sonic cxiwcrieit' wais required to con-
to tile laboratories of tlii' Eastnian Kodak (,mjipaiy vinre each observer of the efficary of this attitude,
in Rochester. These girls served as observers in the and considerable practice was nee dec( to develop it
related investigation of the effect of color euntrast fully. Consequently, the linpanal contrist for a new
tilt visib•lity tSection 3.31. Thve returned to the observer, initially touch grea~er than those of ex-
Tiffany Foundation wit., a new understanding of perienceil olhserverm, dh•.reased rapidly during the
their part in war research and helped infuse new first week or two of service. Therefore. results fur-
Senthusiasmn in the larger group. nishied by new observers were not usei until they

Orccanue stable. The necessity anti adetquaey oif train-. . 1W P•:ti I.tL ing, consisting of at least 18 practice sessions with
Tih,, staff of .i.c vers suffo.red sou"' luoss0e and a nvariety ici target sizes and background hrightnes.,

require', sowe repineetnents during twe 16 indiiinhs were citablishled by an investipation eondueted tit
in whiel tCie final data were, Aliained. Thefe changes tihl lcegiining of tile hproltaii. The training proce-
Vwtere not nunitrviia, however, and the tv.ernge oi tile lure consistdl ol letting tile new o•server work with
resutlt, froi tile group did not exhibit set iou:, tile gIroup. .bowing her how her scores roniparetl
chlnges as .' result of tile Vilaniges in twraonnel, nthe with her iwapressions ,uad with the seores of her
grouip of obLervers 'wa, ,t nearly hlthgtnnt~'tnis tiat eoipanit',ns, und railing Iter attention to iuiprove.
the avt-iage -if the result• s ir the grtoup was not tcs',t i.f her wo.res relative to thiose oi the group as
clhnged iappreciably by ovent..unal abslenee's of one lite learnedl anIl cutivatedI the ,letahted, confident
or two oh•c-,r era. The retder Pan tleitumootrnte this attitudle. This attitude wa, en, ,rag•ted s.ldely iw.
to Is, own iatisfaetion by ouitlting thlt d1a0A for ,Mv, ratu. it gave the tuitt rnproilucible results, and to
tor two obstorverse frl•m any exIWrinaent, this, feature of the procedures nuay lb attributed tlh

U't. or Nta.Crr.tCn At.L 'NSN •, SVI NleC high degre, isf elf-r-onsi-teney tit tlw final resulth,
|"$ as indiratel by tile ritoeness with wirill thW explri.

heutitttll ploointt it -inootih and regularly slactlA l th o ug h !h e t. l~ t i p ml e ! n at w o t l t vi g o ve a r t } t i e r M 0c~urveo,

pron.edurvo developled under tlw dirrttio•i ,4f a ntull. Althourlh the observations reeuiril Ilthat effort
her of arient i.t. and inevro enipr ol'l by the Tif- and esnertitrattom during tht firsol pretirr -ositmo.
fanty Foundaati tn oat %ril.ais taint's, the ri-noith t of rxperienee ywliled otalt and efricient jwerfo-.ri tre
tile exp.ritnwnts wa. the dir•ct rt.lssilihity l ,. with .t mininiwn of stitin. (o'vetortim iandt rrirlp.
rnt collergltraclhnt-.. Moot 4f thie erXlwrnuntal thitn of ( mli, pprolraats were ptrnwlttc'd olunrst liw

-e n,1alysiyo w.r- iorfitrtned by thw toh- knotr'llin ma• i 4spe•arnt tit •,M3woo rttiler ti1a
. mrvers a ndai lilit,,snal wiw- n tsi.stanls, few .o inliterif, with crotsiast vL..rr-a.tinL' .xperleric d
whuliat limit may technical training. The ut -if this iii vychnsiysictts exlect to e the nact einitetl

* very Ion' ratio. if staff nmtstlw with iechnircal 4..' fi•nu Go.ntiu.i d cli .'ev4-rlt. whis. nake thi-ir
Itrnitnit to iha-s' witlhut wao sit n.nretlitt ai, t u .n ,mo tirily (itost i fall rt u
list, whIoe. ourrcmi-fIl etinreilnl. IaWrerA, if 4 11W pewirI.

Tam-aor O)r~A%,taS* "'s F~apcritesws.aI Proew'dutc
The utIerv•w wore , mirt-d it iwlicate a definit .

jillanient asaithl lVrry irlt-atatwn uEk ti' htI tal. $tiliy ,if prrvisous invt-stiatliltt1a and eXlwf'ietw
rrganitkl -t( dliffitilty otr roin sritor 4( tailhae. duirint ioriliwinary ~t.tl.riwnts , tantiretd that touch
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50 PERCEPTUAL CAPACiTY OF THE HUMAN OBSERVER

b• : ...... ...... ... ................ ..... ... ,, i- !-, -, ,firixt at •;,,lietitilanl ; lst . .. ,.: p , , aw , ki.i.-ing

Svi .d actulity iand %I`Aibility couwll ILe attri buted ti thtr. :talndurd luai itrAnI tvt - i.lt.

V inhi'tiimaerur',ý tphi)otometry. Inadeqiuate niethods of pho- ,qtnirifrd i,,,',.e . Three sets of tlrle .tandard
tonnetry halve bet,n to•icrated in inany prt•.vious *anii, p i tlilxillittly 1,600, 300, and 20 1.'n mle
inv .iigati.o ins lecau, f a 1K' he f tt lit, li serv- ,ower) wre usli I iluring the irograni Four of these

tions welt not slifliciently reproduc iblhe or self- huuimos were calibratri at tile beginning if tlike ex-
consist ',.t to Uvee.sitlite very ireurate photomnletry. p.rinmnts by tih, lectricaul T, .,tig Lab,,',,h,;,
AdoIptitn of tile nmethods of od•scrv'tiin le.c rihtid 2 E';ast ii'nd A\v'iue, New York, a•nil were umd only
aboVe and tile use iif a largke ituo'gelilei ,s groli upf i for Ieriolic rclualil rati in if iother laiups, wlhici
observers secured il degree df observatioinal repro- weret used its wiirkiiig standards in the routine phlc-
(lilcibility anti accuracy never before imagined pis- tonit-try. Pith working stlmidhro ls were' calilrItt'd by
sille in v'isibility tptmiketlits. (on.•eelueitlt , ei n- mlo'ving themU to sUch di<tinte.i fronit a test plate
ventiwlul Ilr'thods tf fli iti nlet ry, esli'rially for that they prndui'd tilt- same Ibrightness it., tIll- rei-
tit' -iitls.kivi tint of Iii' h tontrust and Iho\ Ibi'iglit- trul.e, ý!am lnil hlil•.i at known dititancs. Simi-
iines. were ft'o:iih If) torsult in errors which were senri- larly, lite' righlniss; of the priijt''tion s.ret'n foir
olsli ill C'oiiaritri.lwith I tlite precision of lihe visibility i[lrii ils t'xom iex t'rimental airrangelments was determined'i
toh-rAmatios. I,'rtegulalrities in the curves re'l'rt'sent- hy proIlucing n t'lial bIrightness witlI a working

nig tilt' resuilts lt f li ill i'tiiitrust vi'ru1l5 idilapta- standard lamp 1 it t ia ll d'nsurt' a I netm't' fro4m a tesi
li i rion t, tSsi ,llally tillns large'r than tile irob- ptt'e if knoi iw rt'flertull're., Each set if standald
-Able error of tilt- observatiinq, were thnally prioved hlllap was encloisedl in a hIixlike earrintev Figures 3,

itI' I'o)li-emt'ictv('t'5 4f innie'uritt 1i1h4tu.lry. 'Tlit' 27, mnds 281 whii'rli ci 4 Ulid ivmIved a itrack t, iui\v
lilt'' liii Is priijt''tioin ul I ,f 111lt4 l eit rv otre ci'l- dltsirnll ili lnu'ee from n tIlt' st11 larl I te"t jintn . "rii

lilt ttlv reviseild I.fore tilt final -et ,t exilerinht'ents interior ttf lthe' i alnriilge was ahintet'd black and was
*wasl5 11n1iertakell, s•l that tilt- accuracy of phiitlolIilt'rie providet'd with st'it'ral hmaflis whirlh eliminal stray
liwr'ifiiil)l! Is equanl or sulseritr tt thie acruracy vf light. Tilhe hliv, we'e olit'rau'rd friull ;tiiriigt hllu-

thie oulibrt'1tilmli I.Iten'. teries and ati t lihe 'iillntp -!ierifiv by tlite El!rvetrical

P11U Umk'ialt: Pi)ax-Eut KF T"etinhg Laliralrutirit'.

All id lit' phoust usied ill this The Trel PIIir. Shim-'' ltit ci' Wts no dhrret waiy ut

reprareh m ,it tiepr o t'nt's detr ining :ht' reftetant o(lthe U clini{ tte m shreeni

ant ihte invvt'rs, .-glure low i" illum ition. A Maettt- tIfnint w asll o tilt- Jwervatliht trioll Irloilmip i

lth idluiminoaititir " wit. t'inployetl no5 Ii c'l~lliari- t- t iurt2.r wase 'iluioinatetl s i tils- Pnmft''ll"r4 Initil

sion .!t'vit'. but nom rteliancte was iplartvl on its cidi- 4Ihi-itl 281. Thewiihtnl ti tiv stare waý Pons-
pullvil .tn theillt- ais toi- ilp iiet, rlitol {lilltie otantlori

brntion hail- its -role was used lnly til delettnniihr the Inltll nt bi i ts rustrrine, e Tr um plate stnda irr
ratio lit neallrly tqual brightt'sst's. A homlo'ell oli ts• of o 1 ij l its rlit'a in t'. T l vttrt t wills an rii .

ti,,ui'ter was uipil Italy in the mstly of 114,4' l1ifurolity etiehe surfatr, This uao •-umppliteil by lite .Fitrl'itl
ut lllulii tint -i•iall Irtins it thit the lfT. Thie TI•stins l .1Irnhritr , which -ertilltl tlet, rtrflur'a:;'
;: Ma,'ltwh ilhllinainoweter Was t" filted "l h'l t'5tt'tql~i (ur atmnually ineimlent ihlluiinti1•n Tilt' brithi, ilu
ttill'rhullnt tir .tollir's tit the uniliirnl!y of 'Irisht mt this surfitr' wasl iimuitlan! ajilhin 02 lier e-n'l for

fn'-- zv4 r larp's aroas If thie ornir, walls. floor, amn all nglt lot -if.m'rva'lito Wi,".in 15 sIvor" of lthe
e.I Anl. In all raows, howrever, olsomlutlr vultivis tint aImia!InII this' lut' otas, never u'tl "Il nit'itmrr

inightnmt', werie 4t'ternint'i I'y sottings Ul )in vilUisl- tingift, T1p1 trot pln" 11loo immirntlel in the eilht'r ito
lent lr'mgllohui' by usw' 4ii a ptamlArd Walull Mt m tv",' - louser, blark servun in tinier tm ,liminimhizte r'-illuumi.
util'tql mlifitaa'r i"ni a -nn-larl 'reirttiing tlrth4'.t natlum Jy fight itlerteil (imill lhit Allit' w'aill, of 11WSInmin -411 11-es thie Oftalliltuh 111111 034hul l nIt hi i l olra tmj-rn tUm.

. dlur'. a sul-irluly high tr thow hbrihtnes, ant in 1. ,,r towtsur-il-r-ct of bihrhtr.s.s ti 0.1 ('.tt

A lileas .lciff'rvri r Iorlh'lwr h halt 1# r ',Ial in the lmtllhr'ts andl Mlletr the .Alar', 111 lh41hl.,,M.-'ll ter
ilhlwinsinmrtt'r ihngriIp.thiudisowtiri' tchll iilM it' #,r,, .as po. h -,ei, 'tslth a telh•s-ipic attachimoritw Wilture

S~~~itrrmnl law)l lite Ivt•, platir. The• iran-n'qillwneN 41 291,. Thiis e-inc-Avec k1i a1 Wasllounivi~tll{ in al 1111W" %is
thswv' flhtrrt w-"Ir ralihratl.l in the iliumintoiwter by that atn iim'ige ati no arA 4 ititrl" in oliuieiwr. at a
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INFLUIENCE OF. PIkCU1fNESS CONTRAST ON VISIBILITY a

d iiitalleeo ( 'if s_ lev, wits asg. ittg o"mlim 'y ., cI-!.'
Spurisoss fikhi of the ill sajnoissdter. Somse fight as

other arms~ of thle projection screen al.4o vvittriI)utVc

to the lbrightnes, oif thc photouinttrie K:eld sif tile ii.
1ulthsiim:isteW l)ca*ub,2 ýf !-ns flare and hintrnal re-
flecti-ons in, thle tetescopic tulse. mhis Litray light wits

reduced, but not completely chminsitstted, by installa-
lion of baffies in tile telescope.

r

T"1

* I Fuswsmc 2s. l'hoto~srapih ofainvermenl'5~sft at sitssnthisr
1 I~amw L int..#1. phlea in ' sd black-~ bacisssrooind for johioti'm-

E 5.5I.vrY o Iii wlbr'.Stiofl 5'Iioi.

Fssi-ftp. 27. Hernia' sh fort I hi'r . ahlb sitkrl I . a

During volilsrntit-is~s, the telvoirose~e Walt' ustivi hil

exsactly tile isame muanner a.' for votittsuret'ient of iltte
brightneoss' of the tin t' ition .'ervoii Sin"e1 thest"
plate uaseil orith tin' .tantlarid hosts, o as4 only 8 itn'lthtI..
11r, thtuniett'r Uild Will ull'uiutet int the rcenter sfit U
ih~ark 0Mreen. ni al~ clsmitth~vltrit fiti lgt wa. pe kLIs..t 29, Urlr-Jsasuss'stsr (fa p*l isiowtry "If Jim
during va'..bratisrn. ('nsi~titikeftly, ani t'tclTm i. %n , ji-It taistloo virml Moh of 4bsgs..
rlis*.i4 *,y til 01! t)La light? W~laih Woo' ~Ire.'et in shring "I thlowm'5Atio til"tti

tile si ~.sssttit setsrftf bright~wttt'o. Thisi error
WHO. rNUt'vs lltti byV t'XlI0HWnt 81111 fsnwd Its he 1.3 nes't's hrnvhs~w 0.1 sssslss~s.~t''roninvstril

,wer Me"t ath los'hrigthtnes' sit( the isurtrsilnsing screen-. o~f tugspssirog lilt-' 61hloas ig iut.. ( thest rssssnd 0110,'
ibiss' s e'n ps~~ h~ tr~ ih urinEg usoats- * . L r.1;. r Iighstinr i-nit , . oit-hsWn Ist Fifisri. 11

usruesssnt -if the rsujr'rtt'd light tapto~~~ heitiust' tile aad _vc rightness. is( thr tilial gloias' plitt, in Prost-
.'urvmsnsing Pereen wa dhark cltsrlnr 'bese snutmur jerior Arrusugs-ment IV i Figure 131, no o'sn Ithimugi

Inentss. (stCsgustithll~. out r-irrrttion Wait n.ieslesI ila thes hmn Factoar. we's' tirerti'neinl 1tv 0.0%h thle

tIl'slelesennnatism lit (lie brightneoss iner-trosist di krightt.-' o(si each oisu's' ct-olds Ise ;111sipiesils in

bright targets. torik. is. nflhthnte thes !irighituss-'.s jiniehreo tin this

I.Owr-I..4 dt IPhomeutlr . .4wesmh 11U..thisi. werre ile- srenti. Thesse tarisir werr sktertsitttl at iiiter-

vioctls foe' the accurate sls'ternsinaltssn of screen't hr~jtht- nedifite levels osif u'fvtt lriphisnp". tsor whirh Ihirvvst
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52 PERCEPTUAI CAPACITY OF THE HUMAN 3BSERVER

r tfol, the &41- itelf so that lirt

of the eourees were kept strictly unchnngod for photomnetrv was Weasiole hlr all tiaaItadin iv,
lowcr levelb for whioh the inmfirect phtkietry ,'as at which tie dlk was tited. Trhe factor of propor-

aapplied. tiunahity hetwe,!n the brightnes;. of the secondary
.6 psychometric determination of a low-level so1urce and the brightness of the disk wam deter-

brightness match provideil an independent verifi- nmined at an intermtediate level for which direct
cation of the foregoing nmethod. For this test, a gray photomletry was adequate. The hrightness of the
disk (diameter 36 inches) was mounted in the centei t-reen during the psychometrc comparisons with
of the white front wall of ilhe observatioji room to the disk wa. considered to he the brightness of the
form a photometric field. When the roomn was Mit- disk interpolated so as to correspond to 50 per cent
mninated with the troffer himms, the, gray disk ap- judgment of "brighter." The brightness of the srcren

determined in this way eonrlrmed the value comt-
.j =._ .. ........ pittAd by applying the experimental factors to the•<¢L--•, ,."i brightne.s. of the lamp ,,nits in tile ,r;ffers..

OCVLAR CuS' ....
LE N Contrast Determination. In order to determine

oFILo -- ".ht.ait eontrasts with the greatest aecur'ey, .mnly fthe maxi-
munm increment of brightne.• was menauredI directy.
The four smaller eontraets used in each expleriment
were colmputeti by multiplying the maximum con-

,.%r• Ntrast by the transmittances of tile filters through
whichl the incrementa! light was projected. The
transmittancee of these filters were muieaturotl in the
pirojec'tor system at levels of brightness~ most favor-
able for accutate photomietry. Cons;ituently. the
i.uulut., of tll.ý:r tramasotittances by tile maximum
contrast in any experiment were iiorp accurate than
direct measurements of the redutictl contrasto.

Shoiilarly, the lhiglisnests increments of the ttar-
Vz" SCALE gets pro'jected in txim-rimienti at low levels of alap-

tation uevrv dltermined by" ml!rett p1hoitonletri' with

'ark1rtill filtt'r• . .liers vtoovcd The mica.t ir ilUt .o, then
F13it3 laliir.etltwpo nlollilpiei itoy tilt- t rat.•im llittO " l~ ti lt- filte'r ,I'ill-

1 griee ot f illu-h na1.mel i11der fi raling'tknitA d hinth ion wtil ts g r min e we i io ts. t
o .the asillurs. The transittance if

•- ~~~lienril darker thinol like tPurrountfininl white sielrv, i, nrlb tiltle" ronihhnatiin woo dheh r.montAt hby turillure.
Ii ~Addtitional Iiltht wmll.iU ti~ll the dlisk mlohoti by1) use nenho at htiffh-l.rithint*lev• ,\els. For thvcv meamure-
i. ,~~~f Projvet-r Alrrnlxtlilent IV. Twol sliglhtly difier- lmenls ttnA foee the, liiin-uiurtllel .iflit, r,,ntra~t-.
•tn Iltltctrrl,•4 tol ilhuinlinatit'llq were, lproWi leylihth- riottoiol filters, ginir itam-hto lplaro wei~re inse~erit in
I: ll~~roljector. ,n tonle rose, the htf iA wits justl liriglfbtor th-, lontilol'r |m-wen lti t-l.l fII"ilters ntil the piroject'ionl

anid in the other it was juist dun'kir than the sotr- lens. l'arious nwalitrN 14 &ronilalh pllato- w•vr
rouniling ithite sree-mit. tow iii tilhffrent initannr- to prIvi.!, a hrilhmtnet

¥ mlrse intirment- of illuwninatim'n were projtteol level la\ ornle' for hreerate 1Imbtarnetry. Thil lrilght-
on the gray disk 64 tolioe each in a ratndomi oinler. nego '4f ltre ft i imi,•ti- 01 ilsium ltesit'. at- sorrs dirt'ghn h
The oll,,erve'r were askAl tit intlieniu, (or 'nt-4 limt's- th, ls.nv \eil * ,.irl•0.trvl 6% i4..c" 11 Ow hIrlhllt-lnwiereinthtion Whi.'lher themy jUdligte til.' dikk to he brighter anti liteinnt iard-l.amml n'th-lil of evalumfinw each

tor tiorkrr than te surrountding s•cren, ThIe imoloor- lirighlne-As oetling. T1'1p loiglthnle's of the florrnhVIt
tins ot juelguments "hritghtrr" wt..'-& plottedl altainst grounidl-aintl o plate wivs oit'l-iomred with mlit ailthlll'

a quantity proptirtinnal to the Ibrilhtneites of thle ',t filtker in 1*V p.rcei'ri ' The .allio sllf thl bhrihtl-
&Aik. Thi quantity was tlie lbrilghtntof titlite s-r- nvie wa. hwit- in n* it- effehtive tronninittantv of"
111tdklry sourtc of the projerthmot P%%tletl. which was I1N, 1llter.
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INFLUENCE OF BRIG.HTNESS CONTRASf 9)N VISIBILITY

of the observed i .art rast .!epending (in thi6 targ, ,t Hteir show n i ll n F igure 31B . T h . viltl ort t'1 '•u ;. ' cad"

piosition and hloatitn of the iibservtr, welt- caused ati;k its ilonletlotte surrouindings were ii•ag",! I Wte
by the sfihlitly glossy surfas ',, of the s 'rteen. The:.e aU cirture il the cavity. The interior of td , vity
' 'aliations ,,: i ,t.=asured with the unele .,tr "ter , w hwlitvi'r.l, lind the brightness ")f the port , i f
A ima tthod w as evolvedi w hich permnitted t ihis second- tO e interior view ed through ! .- ; ;ht~ t•.:cttr w ,
order effect to he allowed for in interpreting the prtlixrtional to the flux entering the i,-vity. The

I ata. uvtVi'age brightness of each glass rod was tAken to
The effect of varioms tatrget sizvs onl the projectettd ite tihte hIriglhtness oaf a large uniform surface which

S -rightness was also studied, anti there was found lu it ,dve the stine reading in the t-ix photoilieter,
to lie no significant differenetv. Tle thistribution of multipiied by the ratio of the area if thle opening
brightness over the area of the larger targets vas tif the photometer cavity to the ar'a of the image

-tutlied anti found toa be quite uniform. file effeetivt( of the end of the glass roil f(useud ;i• the alerture

area of the smallest targets was iletennined bv oif the -avity.
onea+ureneijt o(f the total flux in the ionage. Tile ('ons putntion of 'ontrast. In all ras.cs. rontrast

angles subtended bay th.' smallest. targets were corm- was eamputed by dividing tl.e difference (if bright-
puteil front these results tip compensate for imper- ness lietwctnn thlt target and b'ackground by the

feet image prjeceti,.n and for stray light at the brightness (of the backgreund. Targets brighter than

edges of tile iiart, their 'Iackgriiuntl. therefore, had contrasts ranging

Photometry ,f .-Siall Ti.ryrts. A lens wa i useud, fromn lero to intinity, while targets darker than their

a- shown in Figure 31A, to inuage the end?, of the litt'kgroUtwis liad rontrasts ranging from iero to

glass rods in the field of the M.lacleth illnuminomne'er, one. *unee the ihitTerenee oaf hrightness was prtiulured

for roiutine measuremielits of their brightnesses. The lay projection, thii increment was measured directly.

effets tef mnntute hilerfections on the ends of the This iviiiiletl tile gRns mrtirs whirh result finn sPub-

glar,. rfuds. sal of tile holes through whicrh they were tracting twoi nearly equal quantities, bith of wluirh

A
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Si ?h~tttJ4M'#'jAL CAPACITY OF 'THIE IIUNIAN OBSERVER

tion of wi h. pw te psyeion111 W'l curve., tor all uixtt.
sizv% 33'd 111 illv til l lt,.s(fadaptatlion. t or citel sizei .Psychonetriu Procedure ~ ~ a a'g,,i igin~ i i ~'

7CRlITERION 01; Vba'4811.TY liniin.Ir'ý --cries of vbservation4 was3 mallde tit ('3'fl'li-ii

Theiii~e ejirlnenaltl~k~~'.' t (i't'tl~iu'tlt'or colrrect the choiec of ltue illaximum~l eontrast. T'he
e''t r~t hib WI dtacuI31~t tndirtI i'gt'iI requ tir'emoent on tlhis a' jlI~tnien, wits that tike :33(1.

i-ih y fo which produe d of t standard 114 i lrgret of visi~- ývnsli iivvc o iervers sho uld mlrre('tly report th lo It ~-
hltyrefor Tohsie of tnard hgret anf virii'inity or back- tioti of' ths. tarizet for less than 56 per cenit of the'

ter'~ion for itlentjtj('ltionl of the coi~trio't just V sile ) i3$It~t(n Vt sholilt ('I-ntrt. nl .a il'i
wa tlhitt for whuich the ioen:tion or presence tof the sf~t~ i)ev'~M~llIe'tr~ eotlt ~
titrgI't was rept'rteil corret-tiv ju3,t 50 per cent of the tion of thie target fo'r moare tilati 56 IKr vent oft tie

tila', (lie allowance livwing 11131' It ftor atl1'('nit 'lt v a ~ementiatin ti~ t highest't cont1rast. For Ir go 'u of

c(Irrn'(t or chiat'ce reliorts. For examle~~t, whlenflthiert nearl equaly s'ensij'j1e obsetrvers, ltle t~irgut .va,
were eighlt ]oom.ibh 1xisititli ~i! the target, etcni reiloortvtl correctly for 92 to 97 p~er rent of tile hpre,4-
dlielvctito r31111t11 go(',esse woutld~ In- ehIsrtel to yield entatiilns at in4Xiitllll conltrast andl for 13 to 22
tite correct rt'ia'rt oIIl oif every vight rsponses. Tile lk'r cen'ft ait Ilow(st e''ntrast.

vs'iterit .2 visibilii~ty anIIlots~d iln thiptiti iel'figati((ll Ordevr of Prett'ntation. TIhe live conltrasts were
r~iuireil haolf oftitlie remaining 871/'_ lier vent oft re- iirlM'clte'I in randoinl oIrder. The oIrdetr for eachl ex-
po~rts to lot- correct. Thesv, ill addIition tot tile l2t/-lierimcp'rt wag governedt'i Iy 3 it schedule prepikiodi ill
lxer cent attributted 11 chlanc(e, cotrrespolndi to 561; adv~ance' by rect'irlhlg tile Iortk-t in whlichninlflller.'d

lier vent correct rett~l~s"', Which Wil th SC4~~fl V111-. cards~ occurred in a AiuMed tdeck. ni~is (leek comn-
pi'ypio~ for the deterinination tif hilinnali contrasts "i*led sof 16 setis (If 5 canrdsp, eachi nunaheredl 1101

thrimilmiut thil investigatiumn. I to S. 1'rei~alationI of ltie tteiledtle fr.nu this (leek
Tihis degree f II'IIo$urri t'~~~h~lit to vt ily low ansitred that ('S4'i cotraslI't woultd In, prientvi'lti 111

. .re tif pelf-acuraacle hutt gives, tile 1110141 arcurat" tlt.' (lige13lgru t80ie4'ltioI.Ti4

"aniti statistically reliable~ Ietenninata'r tt(I tile tle. deck wits reshuffie after the oreiedthle for eatch 80
hIii(loentr of visliblitfty loll conlnritst rp'i Ilniit~lti,,n 0lIwt'Ivlltiop, )loll loven copt~lltt.
litightnvo.. L~itunllltl 3'Intra-414t. oir target pi:"s. sieter- For t1'v 6-1loomtion exilterim4nto, ltie ll.witiot oIf

llinittirt by 050iss tilt 0. erilttrionits Ill it. llatroli-Ad ('ills. tile turget wait alts) g'verttcd by at prir rtantwA
ulitiont, t oflths laltorator v. nusy sr inny uot Ile lv, srt4'hu4tae .'leterulinvl bsy vulI'Sh tIf five s-uiffleol 'leko
tlitit, tilt' etltraoto anti piiivp ii titrvits oi~l~tltti uttwttr 'If N1 Partds '.cl, t(t I(f tile five olt'rks( was skoilgtird
tue ('(Iuliltioino tof (h143'tinsifirlt awl v'olentt Ilig,~lltf.t 1-1 varb t'ntuitt' ;.w!m wltt~irs Pilch (lock lthe cards,
11111 'Xrx~'tlwly it"t't lltflth'(titm (If navul kwkms were' tllrkctl 'N'Iltl." "N' ti~lseviotI" "'Fit"t rt
It ean lor inaey moonluedt. ilorwt'vt'I. Iint any ri'lfllgt' t't'I'ht W'tiicnt'vr it tiv'n e.-tr'avt soes railett for
,if t')lronim. tor i 'phItit ltht~in Isit'ghltur-" will iIstpoltli ily i1w sleek *if ennis drori'*'itll in tile Im4"fcinit
at A-111*'V (I rrnat'iof sidetttilln firruratt'l~ IwM'ior- loamrs0llil. th tops rard wmhu taken (nnnl one o1 ther
tlotll'is tile1 rhantlg (If range 3Isrtdictrti onli tie lIads MY" iIii~ni e lt ikgik . 14-1 *'"'rf- t'"a

tl'I-diihtv anal Nmltlitilsm. (If AI!Ivitf'ltioltl whiit i I'l of the eliltio l"4fi righti tin",ew Tin,~ V~trn_ if
tile 11;4,t are'ut'irh'vly lit'l lsoiutrntory slats i-.It'ý 1ttll rosltwitlkitt'd n. £ XIsor"'iitnent, Inti 'ulrr

thte on' plluitICes anIhh nmsisiiarý. 14) p1011.1' fl'*t lriletondI. eachs oerit of 320) Ato'rvn.

TAW=KI Pausvalato lioms each.
Each crvjwinw~nt ustlt a vinat tgleel -it tIskm" andl Wtal Periods. Reml pisrawsu wv'tt .4itslo
a 'ittl Ltiil~tn"- oif Wiatkgttoud. The willel WtI w" rllglbl va(1r~l. v I - -&rt 146 O ri.. p ea (f tl~i'

* r~ibi~iele wihll fvr odiffft'rat niohtreut. thle -nlits- .- l-ia't~in heetilt O rw Vlar w.rk'iuir inriluitle "-st.
voilsirit art' pejurilal int 8rv16.II 3.2.3. It luffre%' 'a'ri' tif 3 illittlco'5 dulra~tion. witlthe uO w olo ','rr un'ainittg
tako hlttion otl 1111 iei'ii fAt'tl ratio'r. withiltilt- Iitoini in il'hIlp sorrl'Ntiso nialll. iwetum'tfi 11" irt an-I tire.
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.. .. 19 It .;i Ii4I, 0lix a it tlt~rh% tWttUia, V.161 iA~,tieu
rthe *-vpertiivivt't. A rust of at least 10 Miii i i s 1utsi4 ic tIt jll withit a etici I, ti bus r~oi'c niitg t hc achul col l

the roolm was:It'tu nt the veu' jj *t. ~,wivilel fjjr trast mtid ptosition of tli 1 i rtge, and thei jotdginnt-ý
Iter ft iilowed by l 0 tO uinutl s' at lapt ittio ti thIe room of1 fi t-II 41b41 (! tvrs

befo re the t tiiid grouap (41 4 iservtt ot:~w wi'S 99 -m

towin v'I. Thle observers wiere Whdapted for 5 minitiint A .d.-~.i lt.1 1 TH ATA~

Iw-fore beginning viach groupi of ob~servations tit 10 El'ght-Poxition Exprinrments Wh4 it .. xicri-
Artoid 100 foot-hItitti erts, For '.xii(eriltieitts ill which zuint wits comp~ lcl , dwi 321) rucord ,lheetý. were
tie brighiiiess 4if the. litirkgrouni wits 10 ýifoot.. sort ed accortding to corntrait . nie zimosier (if co rrect
hiambert or lower, tile 'iservers wo re stantooa il Ntitvy jud gmtenits wits counted Ifor ttti'I oii 'erver aind for
da~rk-toItiltlot tioll red gt ggrICN 4 Iiiroin.: thiir rvst tierio 941 tcl cont~trait . nhe propoIt rt ion of coi ret t respon itses

ilit sil thle ol~servakit mi rimim ti n, fli wseieti witsI I.L wit.. comiaputed by dividinhg the niumber ot vorrel't

flexible a ithltt limits whichl w,isiirel dleqjuate resAt responses by tile- tital nintiher of Iiresenotilt ta'i15

and4141 i 1t tiatt ii i. The normial duratio i4d4 ift 1group of flicN' p ropo~rtions11 were compun i l 11C f.r obs'iiil -v~et
80 .Iiser% ition405 116 mintlutes)I was 9111(1 nes lengthI- anti1 for tilte group assit whlitle. Fromi ielint propitt tIMP

ened by IY ilelii for aitjustitent Wi v 'Itutte or oither tat correct j iilgiiients ait tilt 5 idvgree- of t coit rast, it
coantingencies. Sincv ~es filmelays gay. tile o~erv.ers wtis pos-sible to) plo~t psyt-htoietric filictimaIi fit.- !ie

sm'ile unsichtdule4! re~t, their schueIiltilt re-st Iweriot~ts severatl -i'iv~~*n,! !!.! flx group -if h'~.
ill suleh camse maught :,k rviliiced sligI9 ly. The toa i 411 :s it whitole, Thie hIsven ftor till\. 11t)$ti~eti was 1114-1

tlnritimil tit tilt :-rst or third qluarters., pilus tilt vii.n vialue of colitraist etirrevsi-iondig toi 36 correct- re-
I~uing rest in tntilt, o rrvittitn retit. wats never less ol44iiise in a svrie- 4e 614 prv'e atitlis t. inIs p rpiritn

than 21 mimnite-i, hiowever, and thet re-st Ieriiml aftter tlf O~bbJ. Tile hjiiieii uvrt' Itiiiil-At by 4 tile Urblat

these qjutrtersI wait never Ievo, than 2 minutes. Ocra- ct-iti'tant Iirtwc's,2" rather thiat. biy graphtical oCr
-ionaiihh t 1V available fi law wals um-% i to Iat ter adl. hrnear interlsoihtti4111 in terik r tot etiiiil oiyll of thle
vatkitige by rulnning the first hlttlEit tin vxhit-riiieit oilivervuitional data, rther than' on~vly tlme Ai'r tile
bieftore at sivial andi tlet oretinil hiatt itfterwartis. %444iii- twot rontraist vie'iling iiit'-t nearly littunal re-
tjisieo, b luilv Ctiiiini etinisenti, the tilmervert, reuintitan q-oi"

in tile tlielw-vititutt ov t lit-tiItetwten htalves, 5ti it toi Singi.'oaaitin Experiments, In tlw iAngleIe.sauai
save t1w ti'ne reqired for re-adltpitaio'r. 11w lgittl ltitn rxlwflimt-nt ike la imiiial enfnrmo.t was, tlett'i.
tit whsich earlo lblirit-n of theI-. Xloriilit'ht 'A too jiwgtiii 1iiilteI ICy inlefl~kbtitali~l IictWih thil~t' e " Irt-AJr lli'

aond riniatliesh wao rveotrileth. etittraitis at-tunlly too-il. 11 was Iliit etlntrtapt fitCF

.sortjsivar of 1)t~jrtthtmh Farlei pifVSwlitatioall tiElti %%hicli eteh alsapi-rver reported hutiv lirteit11C t't tile
tIirllt't iovis'vtini it i'e'to tar tisloratitaas. D)uringR Ike tnit-tI crrectly in WU Iwr reat it(t ile. ititnota.w . situ'

* interva) lorwrt.it 1I-41'talsltai ott. tile hillir wheel' witt ithlua~iice hwi~ig tiia'h tfor guieviing. C'ti4'aain: flint it
rotatedl ploo tiit" jCC ahav in tile lisiveltsir Ih6 filter targe't woo asr 34ft't . meln thksiitl rotot viodtii.I wait this.
*1wlbcfild joy the orlorolule. The tuta-rniC'r wattl-lie the citiarapttl oy 111e knowlet~le thatt in tnlotwiit in.

* 'tvisfol heenut d mar rlvvtrtr ntis-k atid at live aplaish. Pltaimce no, target von-,t4t~~I 'nth- n-iVtsit~tal rffilt

lpriale in-font t~x-m-t ive 11w litihrr Thio iqu-a'rit'W" , siketolkl ink wr-n' at ihait nartinhl ie-taiaijaeaesustsild b
~-ueIa lainju-r to ossatind aa lisal i-.itmlirohotr m-. -ljivilill* h:is ie'to.rrvest as.n'w tsar till '-oatraot. bly tile

'ltimineil fogici. inttillolittt 04. C-rbC4't'V, flint 11W tarxvt hrta'lisal .4- IlRMO abirareatit lwhic we- rttrrvctlt

%. f n . ii siltr n Irrew k tlit% ratil so( till i xpowil1'. Ilii' rrimsirolnoe itSsili. Tt'nIit, ~i l~ it rioret41' n:.-

4i-losraosir rhl~t 11, tlttitlvr aniti it-ljinotrl tile fhit-' olulo-t" mi An .a roooclirtilv 'evllit-l Is v1116 ro-Clolior".

Ulr mallI 114 Arglit !44tiit~int Wea kt I~SVXI Ibr'.vilta. of~tfiat 111w i'.iasip~4tetty 4I thle result" woo Iijtoopiv"'I

/ftertooinjoa of 1)411. )tutilil rarit ia jtri-s'ntntien sit Sotttarl niri lotin' vI-1!CtItly (""Ina ! tti t n dy

lith- titgct thrisloir,himnri inolwmalrI Ilheir jtilodgonwt. lthantil t84atju.I"al-I orom-~ (-or ilw Pori'r;'ei rmstrae.

(ilive kwuktliiw s tiEII-he frger lay Ittrainr hh'cgt 1*1iAlog irt.lt"WmilittW. p~immmuinisto,'iti up- ik sit

.itrk. ito tl~c rearr-irtwililag g'miiitirn' 'f1it rromsmI al it C. . ro-VAtluwo~. Greater. atillslor, o(ttolorr-

ing atsimt~flapnt tIsat ~ i..t s 6-6k wrtN . tiialit'ttl er. voliosats, Wtam414 xwet' Iseroc imt itilfirsm-tit hit tift-iskihtt

cartitg lit tie arfiml ttujilier stl five lvriftsfaItstin. int '4 live result,'. fait ia rolot raost the? 1atlal htint*h
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,,,, ; o. i,,.r.,. .i * ...... . I .. . ,........ c • . .i ,t: _*, ,,,..'

Ela'h of the jinglc positiua v:.-•qrim.ents in'luied

l'it .boervaktimi. tintl,. Th•ts. two sets of presenita- Tht lizit(,. -:vntrasts of round targets brighttr

tion,' were intermingled in rnttidoin order. so that Ih' '1,:1 thovir tbackgrounds, wimn thei targeis couil tip-

effect.- of fatigl:" I� 'it 1, c ',:wpp Tio rovt'o,• l*wzr in any one of eighit lh itmlimu, airt slithni :n

for thp two set, i'ere coinmpared, an!) their zqpprox- Figure 32. Tht- ohlservttion tim.e Aal- 6 wcc4mls in

uniate equalIity wto. taken :.s proof thlist Imth ol)ser-
vot , tiultes were suffirient. The rt's'gll-. fo'-the two
Sets were .teragerldt,101 t, i ohtilu e il the l V1'alues. F

The determination -if lituinal contrast for eachtbirget t•ile And field hrightnewwol wasl ronsidereki a , -

separate tvxlwriluietllt to Which At 'CaSt 011 full ob- t
SerVartiun Ij'riotl was devotedi. Separate reports of - ' _ ___ -

proevdur', photomaetric data, Aind obiarvational rt.-
suilts were ip-t-,mml for actih xperiment, and the • - -

coUmplete rt..otu ik a ocuuetinent tf( iore than 2,71W)t o

ling", 4j. seraaiing over 200 sep'araie expleriltits. A
comnplete copy of tile record is included in the micro- o 3 imiaa ronirus for rtaini latvrt

filmn slupplh.!enl tow tlhi vdluu&.'" Tlihr rnlrt of brnuhtl" in thwir I ekamupaisI,
etach, exierilkei.t 'ontniltm a tabular stumnimr which V."J.•.,.M * .,. ,.4 m wt... ,i.q,,. mis.

incluilde the pri-iortliui #if tile reolotmo torreet for M,, d a.i •qo. .•-4. .,.,q,..b .i ,in i .

actih oberver and ealh enntraut; the. lininal eon-
traitvi for erach oblorver ronlputed by the Urban till ease repreoentrdl on thiui diagrant. Earb curve
uiwthoil: the hininal rcotrast4 flair tlhe groulp, cum- rt.lrelsnto tIhe daitn for a single targiet site, the
liilt-41 AS tlew arithletlic iWait of thie hininal h iim- nliltlar sbtlevise sit Which is indticittl to tile right
irtiut- for te ,nntlividual uolweueru; and tilhe tandardl of tile curve, in iinultte of viiugil Angle. Tito Iiiltgt.
deviation of Ithe himainal rntrusi! ftir tilhe iroUilp. aoia of thle lwarkgruuim . txpre...d• in fnitt-lambertl,
Thile I is an examplol Uf such a iwunltar. a- rrmrelsenitl in a hiq.rihuli nc w liae thae 10,' dlonot

Tt~t I. ltr•'lrnoslgor'lainalr tll Igia•'u S l uutll p*l-iilild i.liutuO--gI.

gT4x e1, w itiol 4.im. %4..l*.ilue. %.h.. til,

it. aA. %. - I
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oer vent iiihm vin'* i~invel frc~vettarv Of :-rral re- h'ovis arv g.iven in To Ie 2.

Ixvr! bly the groulp Of (I)tovr%-rris snow tI~li n a vcrt it-

1ati kiganrithinit- %eaaa.. I I a 2. SM Anajimal row ru-ts for vi~hibil)i ircifalr

A great er lmbher of exiteriment is intint- in faectha brimlitur :L;;n a hvir har.kstroupd.

tle iit a'ghiorlitsol Of 00X) foIH t - likinirt than tit anyI Aekapt alii I immo.11

other tia.I~.atiern level. Thesew were Obtained in oarder Mloai j#I iwIeriIghtn",. -.Mrotfl
t!...r. a......~.. 0;V . t ; ~. .~..... hfin ity -A s!-,1- I i of "re) I(e,.,t-IniuabprW, Cirtl.. nown i)

ir-licalle.1 I~v titi curves. m~is dIiscontinuhity s t
.151. 71.90 0AX13Y24

tributel ito the ehainge frem *-i .... Mid 1 121. 70.91 0O00mi.

Insist effe-t ive at low IeveIk of aidaiptation.I, eaO v 114.2 7136 0.003M4

vivitifl, vhaielh i.ý effective at high levels. 0.6)1 74.78 001016S&
0.58 71.42 0.47W8

Rep-alcd Experimaentst. Scva'n opken circles PidownII 0 10.58 0.00351I

in Figure' 32 indi.k'nte tile rt4Ult14 Of VXpcrinaaititS 121. 1110 00036"

which %vere repeated (luring the secries of eittrkc-tirget 3.40 Ilip 0.02750

existrinentil. In these elheek (xierilawnitz' tha( bright am IOam 01111101

targets were j.rothict.d by Projectior Arrangemnwt V. 121. ONSW G10162

with whieh at !east vmart of tile biorkI:rmnain bright- 0108 Or0em1
1)12 IAt0.00"i5

iii,' is psrtxduee.1. the I~lirji-tttri. rhesi ree 3110 I M745

exlser~iukntlt m,rNd. therefore. to' lwove the ttltlivkt* 0.5 IXL IM0

lena-i of lthe obsverrving co,,atliti-n- aaa'ea for lirigiht andl no 0.001%: 0.0105
dwktalel.Dvya-4 nivte ie tiittnr f 121 0.S1" 0.006112
dek are..i'tv i-taadi-n.owa nittW af b62 0.1014 0006707

the aiiies-rverve Over at *pan of atazay nisiioiah. There 1120.103 0.01070

is tine v-lit-rh point for each obf the fosur uiliaer s-arves- Vail005SN UB11li

and thrt-c psoints; tin tho laawt-- a-nrvt-. The- Ivoinat Ain 0M20 0.004111 8

tile curve foir 18.2 mintaelo' 6 at stacntlv 0.001 foot- 121. 0.0133 8001110

laitiliert and let pit searly rikinri'eeatd witls One Of la- M 011. M 134A 0135
orgialIoitsthtatitnYnt e a1h te N ON080 0G4UM

orgnllkinsta tmvri k ail n lie l R001305 (111421

repraaaluctitin of Figure 32. 380 0.011111 04139

IMrk Targpfa. The haminail rtontoats of( ruwil lta. OMW 6017 1ISW

gets dlarker than their lorhgtmuntssa are indiaeutl~ 320 001112* 60114310

It% the evseriment pointes khshoan in~ Figure 33. Theiw M2 ~ oACII1 00M
sicp~t-tlisitt we're -,meetly compa~rahle with thows 1112 0 0011"4 02112

;tr thse bright targelts. 'I'li rurvac ohown in Viogurre looo~l4o

43 werev inirriaolnts-aI froan Filvire 32 ftir bright far. Wool 0 011111I

pip' having Ilse aarne skillet aso the targrestistracn in M60 61111111111 01111114
the olark-target ex~wrintrwttt. Thwehas~a with 12 b08MIC3 I

which- tile rur~ve fit the s-tiverintnsual peealntt 4s in am 1111111111001 ANA5

mivindasatas oit r1 ijulalesicr tat light ainal dlark a-on- 0 11 'i 0lU @C13

ILtealt in vistibility 1alW~nsai . 121 "MMtWn ya

Filrom 34 Ausoa the 11re~sdt:u for gl~lt larglmio whirls
wen et. :,s to tonly ior h"aa-n t'aein the w- serr 1"" o;h V' A 1uagitntae.r tit live- hanjutli contraest

Mnise Whirlh we-re' tahe'rvel few at un ham Wake retouimcl *-11teetntl~a nAa.r Arslrue-ly toy lowr qnt!4V.PO-

itneie- each set of rtoaahlimian. in ianier tit olotain the .11ker. ovieu-valn te-rnwa-u. ila- Phapr, ui the

1aignes 1ttaaminhi fri., asnev set evirrect nipevist. As rurvsc'c we-re ik t, mitrs~i a idi rnnnle- lorre"isn wirth

anuentiotim I Is like -cistt*t vers tiausa. 1 1w pet-rtta of the 'he rirt t-puisov, n naw-thud Cii-sal:. run-"a

rekoulti, R -,. lowe- than in low rigtut-pnweitit" expc-ii IAT'~ .naper- . *imetn. at pau.ibh-r to thaw. in

low-flt. Int ows-iset t avoied a- onfusikm. the crapswtitnwtal Flttarv 32 haw- i'sii fittts- in the skimtgic-.aimiti it..

jI-nts Orr- shown for lemly the- lar"Iat AMl smalkvts Asit andl rr - shon in Figuart 34*. Atm. it wai;
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exivrinieilts with targets tii,kc i'thent thiri !lavk- ;ion irnehod.
gvllýi. ieaw~e tile! precis~u'i of the residlý "'mld TLe depfeodev~ (in vetntrltst (if the -:ziual aligie

havebeeninsffi~cntto detect any diffecrcnees s'ibtenlekd by a ibarelY x isible citculirojeti
mieown in Figure 35 Tl, lwvvraj etr-ýes are for dif-

I p----------1 ~~itrent ievt is ol awlj)! atlon, wlII!Ch 11It I te !
ieoot-WiabII'rts ltitle lowe: mds e tile uv.Te4I curves were obtainedi fzorn Figeire 3~4 cu raphica

- *-. - .intvr1~iiafiein and therefore indi!ate tile minimumin
taigat subitelse vl~isibl when tlhe location ot the tar-

-- ~- -i get is known exauetly a~nd %h.vl(n tile! tlunle of QeaveCli is

I I egsentially unliniited. Thecu, esl' irn Figure~ 3i.5
given in tabular form in ApprneUix A; r ' r fromn

2--7-. thiN tbbl, .4hould be usedI for all racuiaetjots.

L. 4 AU. IO IltM1 '3 "'A11*T, The Effect of Taarget S~hape

then Ih 33. Lii- !eroetnb armhn ftm rnimitiiwtA~ dake ~The e-ffort ttf till. shap1! of the target on11(liel litm-
cim,. ý!,w lieciecl -iktri,,t Itr llrgi t:ýriLimý of Aml oil-. al co~ntras~t %%-as 4u liell With tile single- position

inerp let m fr ( o m Fiuo n U . m e~tht o d .B y tiw I! e x pi e ri m~ en t s, P m him in a . ctbf trfl~ ts

4v-

304-"1--J
L10

.6

LOS &8APTfiS 1110iPTUSM C FT? LAUM111111
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'4.0

AllIii11I

0.5 loo I la i
&o.5 P5 -0 ;. l -a-1 0 44 t i * . q & .

L04 WHIAL G"IThAI$T

35ilk~.5 Auxucai r uhlen-e mib l ju Ni~b( i ViI.Ie o .I.sih flhifteion ()^ tlmmwI foAIi'r %aiu .t~t4411' ft.4 b~ogIlrig~hla
us. v Appeti-fiL A for it I iliitgiv .,Iwiur~v .if li ti , tow

o; s~lotires annd eirrk- having the. eautte atrenz wert: titaptation Jex el fit tile. o.'hnz4t cihtzoil 1wl
foluil uc lie ecplai. Riectangles lot ziriotos iAul"e atwr adding 0.0,52 to lthe Itigurithiu; o'f tile Angle Stila-

?iaLve vt c, owen studivi. The ratio oft tt l hituil teo- teanded by tilt' si.h lot tilt' sqlullre, (owuntpe1 intly, lite
trast of a rMiinfIe to tile ltitticti'i enatrast ti at proirletl~ ItliniiiaI rontrik-t of u~ vvloug

t e is indth tktkcI

(siketa.t ofr irvie lartng l:tle Aaute area (for I lie mitir tin 11w loituriithmir tthcssin ewu~c of Future 35') tit
hutctgittuiol !wrtghtnesi'l ;it ralled lite eni factor, tui".cint lw~twivi thv alwim4esj tvo.. 'icodinlg to
fl1tv fotnu filetor 6s always unity tir greatter. Exiwti- the anguitir isuhtensei of 0ie vif4 (W~ i-i. a- ilt
mentatally ilelermiioe. formt fuelorg are iavob nattv tcpo, I to OM02 htuo -tie log-withii;tit of lie visuup1
pot1i in Figure 38 fur it bac-kgrouand lsrilthwne of angle limnutc~o m ilitendr'll y thle Islijes.

* 14) fe.t.Inn mitsatI in Figure 37 (i: io v"yc mtahpteti
f~ l i oat-Ianclbrt,'- INFLUEC1.E OF t0L(JR C:ONTRtAST

Tile urve inl Ftigisrei t~ 36 ari 37 ptr~iwtii liv, In 0.4- liop. of etjaproeamvt,V a oirrt coarrelatio~n

Variation of form~ (aertna Wili "tth " l~el sit- t cfirtell L~tatteta tilt. e.ffer't on hidtl'ty rý ur rillgi
tin dit~wetirot l gocai4iun that nway lw NU~IIItftiattsa4 JM eiarttjnlhibn, initralt. I'll, t A-Mkit~~

~~Ntitus Koak ,a;nl-'n ww- &AMk to PtUti) ltk. visAlt
71'~r 1l111i. eas dd *ofnw op, " evs-forn.ir ;. the wivtn I- i-uitv of a Iiiti~tua itwttiligroop -s' ohotr~rrs toa

6,r t'atan ol h l'ahvul lntefjlam , '~.t P/. iptaiit harlkai wha tri1"Itha lit l).ssoe: *..ri.,t'flt1,i.. artirto *I

cA, r~aeloviQq. willh anyt vidor voni j..t %.&*- rjwi11r4 oy likv brih..
It .. Ili Ia' noted that the VA.t of It gitr -(t equ~l ni~a evntrost w',ich priglturet! tilt- ltanc *ruit,.. The'

trva tilitvil-6Dv.M1 4 tinwv-" thr -wvitv sutatritden by titility .4 0--iuI'I to de ptwtih'ii .'ri~q,4 witi 'ts-
tlew thilunelk-P .a-if ttiTrc. Ainc tile himitmd r,'ntrastlit lide Ifi. I it io rxoarti uotu'jripfroe Ili .hn*tf.'rem
of it I :nd crcle of 4'ajual urm I, vir t tjd. It* amow:! nomimA it ~terwS. WivilmW of t-ot ,t Onol 41118i-

ittntinzai 'ofliraa'of tit -I Jgtre I- inlioatr'ii in Fsigure tak.ton -l Ivet i4. I'a atI htterrn IQ" and 1910 foot.-

35by thle P if tito 0-ct, ruv n til te it4w~lopw ate Itt~r'
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f _ ,.0 ',

_ , I 1 i II_ L I Il
0

0. 10, I*

04 -tRIE -I 0 A jS R MIUTS

Iui.ua 36. I"Folllo ciutrn, for rvelnslo-.
I• ~ ~~~~~(jrii~.l I00:1, tlallhglf.. 10l. alulrn. 4 0. N~riuhtnP. . ! l0 rll~q It' ~I~t -|Illl.hIltm, at lvl., .+ ll' .I P II lh,.,r, 1r-si '¢+rlsLssll ,5

fotrm fIstr wit;. sim .

3By '-lweifyitig tile influenee of clhromatic contrgst f-r tile !#littl observers by flicker )Ihotomaetry. Ins
on sacuity anti visibility in ternn-; of the A~quivalent thene experimenwts a .nellen-tylpc vwior, test Ohart
twhrotuatie -,'ntrast, the re ailtb reporttel earlier it, was illuminated with inonoehroniatic light, the in-
this ehiapter call be extended to include tile general tensity of which was varied until a standard vidlli
ViI41 Of eoniilned chrosmatic and hrillit1nss rontrast, of acuity was obtained. Brightness contralt nloane,
lIresunish!. for all levels of adaptation.u albeit with highly chromatir ligpt, was involvetl in

these experiments.

.Earlier Investiption Acuity with patterns irnvoalving rheromatie diff-tr-
ences was indirectly studied hy 1,ehnann 119041,:"

Earlier studies of die infloence of color tin the Benupsi and Lidl 1190402 J,iehlimtion (1927"1,+' anti
liereption 'If fosill have IxweA fragmisentary anti al- Koffka and Harrowet f193 iS." None o-i liae-e
inmot emirtily .juaiisative. T'1 estentiat phenomena studies was qusatitative, hut the I'vidence wa,4 co;i-
have all .Iwl deerilted pireviotly bitl withosut elusive that ehronlaticity difference alone prosIut'e,
oan. t

Ivi'e .~ctifi.a*i+.-.,Langhley !t9•lt pro- vcry littk visibility in the a0iientc of hrigltnes., olif.
klmd it i i cttlli of lhecrnwrlins•rssai•e Ittlititin.itry ferelsens, Lielilann rep•lrwti that ftorino are diffir'ilt
I &,led it) the Itrt for apslsliUsllknl that visu.al nruily toI gIreeive whetr the brightine-peo of the fixure andt
is a function oi Itwiihtncs only, regardleis 41f tile ground are 4ijojated, although klor differe•nnts fhisoii.
ePor of the light, The validity of this method wtas welves are seen moist clearly under these t irruio-
ltelol and confirilite by lHerahr 1191St1. who tie- stanses. Koffka and Hamrwer studidl this .splar-
teIrrminc lspeetral luminosity ý'urves for several A- ent ntoninaly. einfirnled the diffiulty of I-revivini:
Ito rver unit coampared thew with the curve, obtained for,,s ronsisting of color different mat., Watt villunIol

+'T~htt in+" ive-'•'~lfillti "#-- 4 ju te fi k Rehel in brlglhtnes. to their aIektroaundo., ar. relportdl a
,I -o i a imle', :i*"itotta+s. :anti o 'om orul nrta ot , ia" ts. tilitils tfifl'tPner in thio riaplieet lwtw etn the r loiri sAkin14 rolm ow owl. fi, blue a.,1 c~olor akin Ito re'd. h Inist, ls it-1h111:1111

F f1
- -- - -

-1 0 1 3

LOS TMP4tT 4A.Z IIUOWM Mt EtlCS)
FkAW 0. FtM I'iur ("I oautaaIh* Um haakg. I nsoio41iio', was 4 tr , twolm u oklhausat o oro urshstiof. 1i0i twaht4ll
.. ini. Coausr•'t' ebi.n. ofotul Nirnmslm.
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I INtENEF. OF COLOR CONTRAST ON VISIBILITY 61

least visible for bWle, green, and violet figdre.4 (n to be nearly independent of Pize for a!l targets sub-
equflly bight nearly neutral grounds. Conversely, t'ndiig 1 degree or more but increases very *lharply
red, red-purple, and ormige figure4 were seen mnot with decrease in size when the target subtcnd.; less
casily on C• ,i!Uiahwuý;i ... - .:' Pr,,.,nt. i'....- than ',ne-hrlf degree. This effect is nuch lcs- fn-
cations are that this difference is attributable to brightpebses greater than 0.1 foot-!ambert than for
the much higher purities of obtainable red, red-pur- lower brightnesses. Results of observat'ons (in the
pie, and orange colorants compared to the purities visibility of colored targets at night are all ex-
of mnotiexately bright blue, green, and viklet inate- !lained on tile basis of tile Purkinje shift of the
rials. Thu di-stu-:i,ing influence of this circumstance luminotity curve. The brightness 'ontrast is com-
can best be detected and eliminated by quantitative puti(d on the hasis of physical rather than psycho-
specification of the colors employed. This i6 ont of physical data. These facts indicate tiat tile posai-
the objectivex of the present investigition. Lieb- bility of contributions of chromatic contrast to
nmann. andi Koffka and Harrower relied orn verbal (Ie- visibility was not considertei, and the report yields
scripti.ns of tile subjects' perceptions, which, al- no information on the relative importance of chro-
thou:gh interesting and instruetive, are not useful as mnatie contrast as compared to brightness contrast
a basis for estimating the effect of chromatic con- in determining visibility or acuity.
tralt on visual acui.y.

Acuity was stud'tl with Landoll ring test pat- M.m New Resul
terns ,iadt, fronm Oslwald colored Iplars by Hlirm-
inger and Schubert 1940)"s and Minhaefer, Klietoth, The following diagrmnis (Figurit. 39 to 411 shtw
and 'vn Wolff (1943)." The avowted purixsc oif fur each sKeifihid condition of observation the
these invewtigations was to detennine th,' influence achromatic brightness contrut which would bo nee-
of colored apgce.ecses on visibility and aeuity for ewary in order to yield the waen visual ac~iity or
pattents containing chromatie contrasts. No effort visibility &• any selected colot contrast. Thesm- dii-
was made to eliminate brightness contrasts, ant it iranim consist of "cunto.urs" in the standard chromn-
is not clear froill the accounts whether tht. bright. tieity diograms. Along each contour the equally
rimw difference was eliminated in a single instance, effective arhromnatic contrast is corntant. Such con-
T1v color- were ,ierified only in tt lnik. *1 t4.1t Is(.-, tourv 1arv shurý. !..r equivalent aehrotmatie con-
wahd notations of the polaers usl, anl specifications trats Ite,a.c I of 5, 10, 15, 20, and 26 Ier cent. In
of tile Influence 64 the spectacle gIlass( on the et€l- -one ic s these ,ontur. are ineomplete, ani in
ort were confined to their effects in changing bright- others fragntints if rontours for higlher e.a.€ are
nf. rcntlras t.. Little can he gleance fr~m thee ex- shown. These tiia nms aer ti1e repulto of ecoacien.
perlinent. as Trlortetid beylod tll art thlnt bright- tioup efforts to establish ani represent the facta
nevo contratos exert i Predoimllinating influence on correctly. bit in the last analysis the diagrnms are
acuity even %urn combitnel with rcoostlerbtle chro- h!sed largely tin personal judgment roneerning the
nmatic contrart. significance of the rxlwrimental dat.t.

A repirt by ianWstrtolh, et al, (1041) | iaibeWali# TIe actual elata" ore very erratic and conflict in
OJ Tururts a Reltion to Siuht .S&tr"en lwhtef many detail, with these di4gran•. Reasonable rep.
A- e,.ern, d,'11re'0, C4.nhalnWnt I lff**. to the renlt rnwnstaten of the rensults cannot he *btained by

t of tst.li aith large ta1rgth 63 minalret minimum vio- any strictly objective or atalaileal treatment of the
ual angle), Liu IIvels, of brtghltnes Inure. Igrater exlarinrwnial data. Fluctuating motivation and Mc.
thin I fmut-lamhac• i. in whirh simple jiulotneati a ,.of .;.,,-. inaal~witiomw if the obrrvers eontributod
diiiappearance were rerirtetd. The relults for gray In 0.-- irresularity idf tht %..ta and have been takcr

t. on gray indicate a rcntrast linmen of lm than I per into umbiderat•sm in .lann" and extenlt, which W.
rent fhr large larvl'- •ehen the hlrightnew is I foot- statistia*l tre.tmnwst of tWe #lota wou!! ?lermit,
lambert rt greats.. T1m ontrast imnen 6- rejitril
to lnerevi'4 fromi bI t1 lier mati a~.he the brighft- ta5.Nt' - -ri D)ATA
new# is drecraed front 10" to 10 3 foot -lairrl Ft" ebro sntirities beyond the domain tenlosd
S Ti liwmn for dark on light is reportid ito e the by the eontcurs. ~tthaates may be made hy extra-
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62 PERCEPTUAL, CAPACITY O"F THE HUMAN OBSERVER

1. serious ior clironiaticities beyond the ran'ge covered

1 bIy t he contoiirm. Such ext rv~int Thoiaic:z,1mv
evr are rarely encountereii inl field ci'nd tions. Ali

1 ida ofthe ptooit of colors covered by the e.a.c.
Q6I ec(ntours cap, be gained by comparing Thein wail.05 50 0mp Figure 38, which shows the extreine range of colors

05obtainable b~y a mode1m promq!i of color p~rinting.

0 .~~NMore extreme ehromuntic~titb are sebldom fou~nd in

Q3O

65 Figures 39 throughu 41 z're all bused on tests of
M2 visual acuity, requiring replor~.s of thke loration of

0".1

S.S

0K.

4'4

647.

0.3 GO 'I. t4 I~ul, ~~.~g~,
y. ~ ... 4.~ ~*44* .

th still% in n~ Landoll lm~k,,kyrirrh* tlI' lit-m Fx
* gs'illillog 'ile~ismitsr tor4iitiltar lhe- "ill# 1s obtai"44

- nulliht A.lpenr in nny 14We W right mecentriv powi.
* uiono) wern lwtterlsrual ver early jin tho inir~tigil.

Flarok5. IV' I .humgwgt m. Figuvir 43 A.Iowo no f'sieti.u.. i.& wsitallo"
V'.e0t. .u4wi. 19.)... -. eOwl.w -10a 90 .04 of Mnlty, fat 4rnni. do 1;t-11inan 14Andcepc~n..o......40-a 1'.ap-t. !r~ WsiOW t- a. x ~ * wvelcnhia thrit- t.f .'.Larv kh)roll.ultaa

011410 ill l~it IRC. 1 t: jill V .
1

9 -itiett

11o14161.n but ra~sideitislf loncertakinty musit t'S.. ";- ,tinl I I Sa Ilitn qurtqition of the pnAnrr osf
traluted to, in'wh villwo. Fxtrapolatitlin ill 5oIciile% a uswell 4I"-1. V'ag~u- 144~' shim- inlar t-oulte WwI-
twerliabls. when acuity 6s in iltivotimm. hbecaus the tainetl i-nirrthe seine -rintihiuo with I.Rn-fllt

Z.~FfI~ d
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511049 (DOWNAUT WAVIUCLE() 14

to500 $OTC

110

30 to 40 ft 40 10 S
8 ATIMO lITY ON CUST I

via., a 43 .1 I4glonill 0tarbfawstt afwl offt, et4t. m assi.~ tt It, "" q I we tIvhtt- 1n.# Iha-t* *If.f -w .

tvalfti hm .4I 0 / 4nIPM "I sh a-ftr of st1aall

nnge Fipft 44 waa *frn't' ftu Ficurt 43 bY k r Wun 46 waŽ srn'"i in 3 o.nliit Manner
pialting Thi pati~kv te"Visunding t the iudwed (MM Flgu" 46.

va~iu" J4 tx. (Of tIf*rerldmaa wsvq Th 11 ew r I~ra irwiul 0! lw n-utlto indlestcd for
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j in ligures 45 and 46 for !andolt rings. The mnoot the observers' eyes.
Snota.lc exception is indieated Isy the curves for 'lhit conchlsion A. i- wfirmed by the conslciouý

reactions of the observers, who reported the red to
"i"..hv"ry prominunt, so that te spot!• were easy to

.I find, but "fuasy," so that the gap in the Landolt
ring was deteete.! with difticu'ty. Similar reports

.7 were wade iq the case of blue, blue-purple, and red-
Ilrple rings of high purity, the last tieing particu-

A• N larly exasperating on thl- strong greet 1(;5/'8)

I lea'grounid. I)eepite the censistency of these r,-
* Imsa ijrts, ell of which were unolicitt.I anl re'ny of

which sre indepe'ndent, littl. evidence of the effect

I lean he founid in the quantitati'e results. Neverthe-
lest is concludedt that although e &P. foir -iolor.;

•,. "if ieawle'rate purity ')n an aehrtomatic background is
• . •essentially the same whether detennined by the vid-

ih'iity of spmts or the Landeult riog acuity test. chr--
S. ' matie aberration in the eye interferes with acuity

moeire seriously than with visibility, especially foir
reid and blue ecoors of high purity.

• .a .- Mannv obiiervation, were made with spots and

viai,.i 44 I)ata irm. Ywre 443 IIlottr on the o .(1, l.andolt rings differing from tlheir hsackgrounds in
rhrumativity thalttcan luminous reflectanee as well as chonmaticity. Fffort.,

a ti leduer a general nile for calculatini the effee-
dmuinant wavelength 612 millimienrs,,- in Figuros tiveneo of comhined brightnes and chroltiatir ero-
"4. sadl 45. Thie failure of the curve in Figure 45 to trast, Arre largely frustrated by the frctluenry of
rss, as harplly for high puritliv as thr rorrvolimntl- erratic anid unreprecurihlu. .tt., Figvir 47 repre'-
ing -rtre in FilUtir 43 is ottributed tit the erfferts srts an effort ts test the friiila which irl, %i f

""tSit W00MWANT WAVIELIE/TH)

"li
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INFLUENCE OF' COLOR CONTRAST ON VISIBILITi 6

l.rge discrepancies from the formntla have been lie based on the present diagrams in .ases of neces-
'10tcd. these dliscrepaneies ha'e not revealed any sity. but accuracy should not be exlected when

regularities which might suggest useful modihica- considerable cxtra;,oion h A been eiIjlhyed.

tions of th forn-ula. This formula is also tLe A iew series of vbservations have been performed
simplest approximation suggested hy current devel- i:k 4rdr to test the foirmula for the resultiu, euquiva-

tent aehroniatic ,ontraht of colors seen a,-,,nst chro-
S ...................... mlatic backgrounds. The result.s were not very accu-

rage ImL were not invumnisturit with the formula,
which ap~pears ito be satisfactory fo.' estimiates and'

0.7 approxi:mattions.

0.6 (ONSTANCY OV E.A.(. AT VAniOU.s ADAPTATION

o.6 l i ys Kxperim.ental Procedure. Four gray and four
chromatic papers were selected which, in the form

..* •of Landolt rings (gap 0.7 minute) on a neutral
--- - N , gave scores between 30 and 80 per cent far

N- 0four of the live observers for both 35 fot-lamberts
of artificial daylight quality ind 26 foot-lantherts

4 .of 3000' K color temnjwritture. Lamilolt ring:i were

lie

0 0.u 0as 4.5 0.0 G.V 0 as
Foot ON~ 46. Ilil (ittlk Figtuio'. A' 4"111i ' o Bm the It CI

rhmeo~namik~iy 41m~rhm.

II..

Upl-ent and theory of tile nitrieo of the color
domain lMaeA ttatn, l144101 COeequently, M1-
though its validity eannot be ron,,iderml pro.,Ml,
.nRl modifivation, will probably he founnd neroopry |
in t1w future, tbe [?fulwing formtla i. the Iwo that
cVtn be tgven at |ito4oitt:

IC.' + !'. 'II
hi this fa'nnlla, V' it thie •eslliant. fqt."lhnt. mI : * e

¶c•-ht'mtatic rantrast inf a rhtulltwr ronttwut roiln . i ' 4?. .t slus ,i egb unni uhmiiromit| 11)011.

'inc.' " -th lrilghtncs contrast, (', ill the brigh'. "AWiV iImotlt C" , t r-.leolmst. "ullllet•'.
nt" Mt.U t,Vlt andl C, i3 the Chrmiati r, mctl of ,,et I It... • , ,I• M, .d ,. 4.,. 1,,. ..**.• l.,,k' ,,., .I, .&., I.., l.A.• is.,ll I hiu'..1 P €0,t)
file im-itatt. *'lie irhmnatit omollwint It'i of the r ,.. . W .-.. ,

mtraist sbmiolh he detertnilrrd ftnon lhv nmot ar-
pr•priate .dieamignm. Vigurw 39 40. 41. or 42. deemud- U.it : -so tOW'o ,MnSw 1al,1,k90 with galw Subhtrnieltt
imug on the batgr'14:nl Color. Snti b bI'll hekarksund 0.7. 1.0. l.4. 2.8. .lnto 51.0 iinutre. ',ing the 0.7-
r1i%11 npwarW to :..Ivoittts '. ' ltAr er lI 'rlr• ilt e mimnuit, olsp ll (;?r riOiatrf trcat Itirlna the Inltr
0hamnes of the Vrn1tours. na Crtwrhintion osmc lwr. orw.iot- tilb~rrvationo wl mlade ltt. tile I.•-
mnihriblr e 4r''trndg thr halteSl ,of t", C.6tdtl' tr ;,t:o .13.t o•il fo ,ev, mlttltft levuels is illumi-

"-' • ekgiirusmio appr.eiably difforet, front thew' hi.- nautai untiI a briglhtmill' lvr, was fou.t fewr Whirh
i re'ntell in Figuire. 39. 40. 41 awl 42. In ,leftul' the gsrmv rin, in l.0-mlintlle gpsW) Wer" reli.rteld



(66 PERCEPTUAL CAPACITY OF THE IHUMAN OBSERVER

StO.7i-minute gap) of tlt same papers at the higher with lamps placed in two banks on each oi tile silic

leveli. thie procedure Wah: followed for eahli oif Oiie walls, I1 and 9t 9 vi t fromii tile 11o0t wail. livt mick-

available ring sizes. ets for the lamps were mounted in ,l'ect-nmctal duet1
P 'sulis. Tile ,quivalent achrumatic contrasts of which were connected to aal e,:lhaust fan. The lamops

* the coha., were iound to he the same for al! bright-
ness levels between 0.01 and 26 foot-iamberts. Since

Sthere are no essential differences between the results,,
* with daylight and ordinary, artificial !ight, thict'-

staney of c.a.c. is not attributauble to the Purki'.jt
effect.

Implications. The pr .ary plurpose of the t.st of
* the constancy of e.a.c. with adaptation level was to

extend the applicability of the diagrams i Figures
39 to 411 to all photopic ltvehs athave 1 foot-
lambert). This purp.mse was fulWy aeoompllislied by
the test. Tile failure to find any evidence for de-
crease, of e. i.e. for levels definitely below photopli'
is suralislr.• and indicatezs that tile disappeartnice

of cole. sensation tit low levetls imay not implylY a l::9,,: O44 ()lgn riion room i. sven from. obh.r,'
radical change of function hut moerely it decrtas, of s l.... I.ndohl rint alil'.iirs oil iark hackirtmoni, Sihu-

differential sensitivity similar tot, and apparently lrs nor- omin.

procimrtiunal to, tile decrease of sensitivity to bright- extentled into 4int, room. tljr~ocgh 3-inchl diameter
ness differences. hit les ,ott ill till lihetrock, %hich li o iH teed a drait

Brightness diffcnernes are appreciable at vt'rY around the aeco's of tile lamps and facilitated tilt-
Iow levels only because there is no limit to thit rtineoVal of the air heatiatI by Cintart Witlh tilt It.uti.
correAsonding contrasts. Color difference., tile aplpre- stven lamps ceuld isc miunteil in eat h of tilh- four
ciation of which it implicitly requitiret for the rtec-
ognition of any volor as diotinet front neutral, is,
on the otther hand fund laentally limittal, and for
lhv'els at wh'II Ir," 0 .- otiv ltnti aclroat ic coatrast

cannot be, nplPrepinted it ii reisoinaltlh to expect thlat

a color wll Ih indistinguwithahlle fromt neutral,
Therefore, no extraint-uu, t'xl anatory liiiilth. ti , .l...
hyv'tlthtical duality of retinal funetion io k requir .
for the explanation t, tilt, hdisalqwarannee of rohor
-t-nstation at low levels. 'I he ijrsi..tenue of tilt. sean- W
*ntion id rol mt level% for whit Is ii; other colors
art indiptinXuithable from gray run be Wtrilhutest
dlirectly tu the •luivalent. aehrbmratir rontrast of
reti m Cray which, fur all leve!s oif aniaptatioi, i6
for jtlvater than for any other riolor.

I' iit m 49 TnafTt l,.ise ssg.ca. , s - n (mm tilt.

,.O ervation Roonm ," ,"'

'm h 6stv w .' n wvre mmhlurtti in n ro•mt 30 fert l bank-i, iml-nip r frnim 1 ts 1,=1 wntt.. wt-i-t. um,-il.

hgnit. 15 ft-t whie. K fre't higl't, consisting of oh.lt ,t-.'carate switclwce were prrili t1(e4 foh hme i1 . -
rock on a týnoirary woodl frantw. The entire, interior that they 0,od41111 ,,r.i.., t:: ',:.o te! V- .'.'!fi-
-wall$l, rriling. an1l fltir--t0 asMsYled wi 31 fla' :,10,io11. For very laW Ih'4l, of illnwinAtibn. IS- watt

* white paint. The ali''r9nr oclf thle roiom frknt tht lampisu were hlrocate lic.1 in tilt, %e'ilating diut.
,.Ims.rvi-rp,' staltion. ts shown in Figtures 48 and 49. mul thlt Itkh,, in the. wall werr rt*-|tirti hy oquolto,

C')NIlFNTI AL
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S hha., g!- 'r'. nhrok<en 1,0(00-., vtt ( IF Mazda Photo brightness to the front wqll. 1hr brightness ,)t the

Blue b)ulb:• were aiso plaved iii t(ie s•,all h ul'- to ,ide Wa'!s, and tihe Ploolr ani ceiling i,,.-it dhi w.,1l,
Sobtain the same quality o" light at extre-n'!y low varied as .hown in Figures 48 and 49, but no varia-

els as at ' igh levels. Two i y)es of lhap- aw d the tion greater than 60 I-r ieeat froa the hrightn..s of

a'rrangement for low-level te-ts :cre ,. Aiýhi iin Figure the front wa!l was discovered forward if the edge of
.50, whieh also shows the arrt' ,gement (f the baffles the baffle€,v whiilih iiid the loul banks ;aarest tile
whi"llh (onc'lled I tile lal ,•ps I'reml the observers anti observers,

in.,reastai the diffusiou of t hc light in the retwur.

PIHEsNTATION OF TIE.S PATTERN

"The ist, patItern consisted of 'Miau-l.ti ',lored
palwrs cut with punch anti die anti mounted with

tacky rubber emtent on paipcr-eovereil synthane
disks which couhl Isb removed anai interchanged

rapidly in tile center of a steel plate. This steel

plate wais also covered with a Mainsell imper to pro-

"I - .vide tfli vurrounding color. Figure 52 shows the mear
view ot this apparatus andi several of te syntli ane

I disks covereld with a Munseli light gray palwr. The

target shown in til instrumnent in Figures 48, 49.

I an~~~mW 3 i- aaa.e itel on a Nlunsevl ne'liuna gray
spalr, whihi. ais • Am shown covering the large steel

plate. A fltt ring which covers the edge of the steel
pdale to hide any inlwrecl''ticm;, in th'e ldate or the
edge of tike rovverpulter io atinted light gray Ilabout

. -& 30 r c'cii3 t reflee a cini and caul Ib, veen in Figutres

~~ 48, 49. anal m. *rhi.. .haiaadt .i ry millers lthe "vevre
.o.ntrnmil x-,.,vn the - etwer uf the it•el plate iald theL hile 'Aall s; the obaservation r•omn. The faa.bke

olouttler-a, whaich ran Ise oven, in Figtzrea 48 anui 49 aterh in&gr ~arp~aelwt hicsnwlgIt! ..partly inl lFilgu•' , , art- lvin"te1 Will h i. l fli ve )nlig.]lht

gray to '•hiu" af'er-iage efft'Ii..

"TriW sitjdl plw wihiwh arris ite laiat" suarrfnaut-
ing plaor nand .tililis.•, Olte evsithnar tli., i5
mountel in a Iadi ltt.,,iiii 12 inels- in *lifiswler

• ~wincrh i* ntintbh:4 Itt thi htiwlr r"tlimak, shown in

A Fatla 30 lattieoel 11 w hsrnvre' tatilt Fijtimafls aro henal U A.t sa'If-tin-• st'rldte1•9 -l. rabl ant d.
notto lla1itaog I 6 In4. l Thltl mn the Tree'wl

A isols swiintreIcl tile ,-oikrr~er' .antli, gs front literolatell thV 01100 11141C h) .Il•,,t tit A bell Ott] lI~ll-

,r,'mi- 1- .4 a hl. darik i as nhawn in Filure 51. The Ivy.r, Anml dhw rirlm tthh-•e t.he l'rgillnt Orr
olasi-r'viet, nI I.V M ully vivl tlhir Pitt". larf,,rr nl~ll-ntrel right irwir(, which oun h, M" in

f.Pirrin ht .rl•wnt anl Ynaw aivlian lina..l-.rk which Figurs- 5A. Trherr' mritly rl-awl-ritit t

w-rda Inal ntml in •thrly hfit v.h It." t r rihn ,r 'i' .. it awh-- i i W heenm 'airt ratwilc• 'Wich raon
Prli"Ith Ilirty. 71i.% Mit•re rxviul wA' i.-lutintrd ..vt l-ý-. .... -tl r flir reslwlr oii flor 1r{ switch iol I lWl.Im
th.-tvz 44;li-munt or-e'iti-s, W'hen Iw 0--or I-m'his. *t- A21- mttlnrh~l I's flt natfinK Plate. actul"ll thr
itrevishly dlarker tll-n dlw wells anal ceilingl When -Ailhrol'i. "[hi" tv-wr to tho, 75-rml :Ik•,,r l"Lssar,

fresibly poitr.lei thr ý'nsltlll *1. fml at,• tiarllw thralklth ,mv of 0-!r VIrteilh .Iteza, •;.rl •e|'

L Ilig-arml hai in thc. front rerri-ra.l hRi4 Iw thin 1-y rr '" *%'ni owilrch. the kwidl ,.f which ii Phan

pe3 pr set variation of b.-ightnear. The craier of the smt i the s I.: l.- the appalatus in Fapar.,s

ceiling and 1141rW. fro•n tInl ill nwail in 01 (M S2 awl 33. 11 cunt. nimtan-mt-ll sip li.•p -a% shahift t lhis

CUNFIDf NTI AL
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Wa

rimnitristo~r. i~tttirm tile btnhict- Pissst~terv Pyrnnsistras (fit- tiff- %tin". 4wnatl tit lstv pl~ate twirts in -sstirtf.n
raslly thrnutgi tilet aritin 14 t.414. rsilsirr and itear. -iin, if list uamt'r frimass itsh rouitlasnstts'r I, bei lot an
ohtwn in tlew Upiter ret'.tar tit Eiggrt. -W undt .13 astre~lly tssgwn ssieru.wilds sant, '!ss' 11sitt rrsslainas
liii real awld emulu55t~istttsit, r c)Itiuiftl5M yh ulattil. Atkt It:t!" P-iSrt tile' etainuktaIs ttar v5JjshepIS i .we

Oneti cri(lutistm every~ go) oiinlis. Thest ltterss err (tar ristaaias'. &if tiff, 1shstitt o~nly While thes .Isi.rare
bhe %4D fore~ tnt mit) d 3rsnd asnni l ftb Nlly elimnis elf"H.cthe tibsiIcswrtu swnr ,rt a* if pamttrr-q in i st)-
('ii 3 Kiscilmd Ptsawsr is ousappied tit tiw lutmt toottir. tion im.i it im ex),ibittil evr 3) ,rswust, ist' a fuill
through the' riaunuataas'r ant mitr~hew onldy Iomw l s'riunIa.tratism. Tiw oyathane uii~s.. carry.
fturnn the. 3.stcmsti pvdtAd while' the 0hiutteria Orr i'j li attertioa tit Vssiiju. aia4MA. pIi'I. and etml-ti. can
IUlly risi.' T is sulasetss't for one tinpl r sk is' ~i tiew rhanget whige the4 fitee plate' JO routalig WilhiAlat

on is( it e ml auil pla~r. whachWlts b ino to st n at(s ints'mapitamgtit dw itkt of p'neamtstbis . rowt
mainu a. the mluitt~eft arv eut~solsikoy 014" af.t- q-mivos . sw oyl~r dsk.. *a let( InI
when The wkv msk irnswimitirh io sijtiui'd h1is ;-!-r for 10 istarirsvt prormstm"aAsn At tanalaas**a-

Vi*1Ot which ethr plaetv Owt o. . thmen~ram. t~ifii. totilwis'.

Ystuwd hy life' pouitsm to wlastt the aselsint Is' tita4, ' The mw #*i~tar sw 6) sia swtainshi1 witlh R pumnh
hIws Ia'snssvi4 Ias'n pl5t'd. Ousari utits a otital Wtit its a otnj, "I Is-#Anu, uen-

its, aswitch ist speMts IARMAftlly aW-sn~dibl *.t'uri*wwd. Vint ptseifi--f filti'l AtId 11rtiviw Oif film~
at gwt.*angrot sisheslula knit iso dsanV4a moy w'awn 4w ýranx- ti raa h jormlw 4ssg ( thr if.isec This
the sthutts'.. arr aow~vi. that id. whe, n mv aiwwr to ,nsceslatiia tit 11 ,'uo itrh is, iualns'i. med thy law aimm
ataisahis to, .Ijtiw las plate. Thataslmslag sit the Isoiw within theftow ias( tht Ass'lm, Irieww' of
lamup. umaatanl jupt tN'hilwh the orknisir stwitch. rr-clsag the per-earangd a4a'r s . - 5frt4.tat hy

itlnwo as long aso that, Alistite, err vutiaei. i1.r al. . sw'ni. ansi the punchail film mretna its uWar as
attn rtramint (rans chfaugi the oatictrts ,itrh sitr- a umetar againsit whiph Similar pvuwshes filmInt a'
iww this pwnesim. When, the rangasksa oreiwsfsle ralis .-v'h-o at ibs fwpauneri ift 11 oharmav arr r"spart-1
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was providee for each observer.
Landolt rings wcre cut out of the Mtnw:dl ,pv.

with a punch lirc.,. Dic ts "vcrc pruiuri! to cut
nnu lavini the f,.,lowh ig diimcwin.4.

Outrde dj'iimeter 2A in. 1.40 0.70 0.50 0.35 0.25
Inside diameter IBM1M4 OS. 0.42i 030 021 0.15
.Wi,(lII of gall O8 0"2 0.14 (.10 0.07 0.05
Subhenge of asp Wa 30

!ect) 3. Illin. 2.. 1.1 1.0 0.7 O0

I. I,

I'k-eaK ft Hao %s tw d )of ph. .'w in. %I-"i to

W'A •:,.. svib .1 Woa. Iln'le for tltpitr•, sl) hriculr
6A. +Irial Mumovi paiear".11 Iw .imet

WiIiP. 0075, a.nl D.0-0 inch, sulvirnahug ii 30 htv
* .1. dtI 7& d aiu +li naIn'l|c ruIgwtivctly..'g,luo,-l 1 j- ~..•.~

-ro -%rp, pmidtt'il alth e tacky nmhhct rttnot Wfoo
the flate or sfis wr Initui~h isit. Th ijW Rrop vnsi 6 4 Itrnttsm p .ath ame t--e^. on 3pm.
t*olto rculd be Ithtli ift .A nflk ani rln',rtI *. ,awl -01M,..- .-
by I*Al. Imn the pap. They ,ulil then b
mou~nted am the mae~e ynthauw &*ok by tarks, &Adi ACUwvie~at seiher aIm l4oae Inrmimf
AMItig1- rWt*PU~fV 4Itth 0 rk451 jMA4*Ufr IMtAi Mlu ito 1960 S .Ifr- *VM "9% to ll OWr i~ fiftf Or (14
i avteo-hat 901~ha6 . 11w natlvy remnt rismii (rom thr puw•f(p to whcbh it wsi, .tan'Wul. ('.41tm"

GCOM1DIN r•A L
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,l, r r use in .... . .... . . .. i ..... l number of thc ,ii.k.

Tilc 1.4-inch diameter Landolt ring .liwn in pattern rotated to and stopped tit tile sviehetc ori'.n-
Figures 48, 49, ,and 53 is much larger than ,.:,.ary tation, anti shortly thereafter the shutter- opened,
fair bucceveful rveis.•nse but was installed so that the exhikiiting tCie pattern t0 tlw ,i•kcrver.4. Ai ozrn as

-.1tt . cJuhl he seen ele. :.y in tdi 1-nutograplhi. tile shuwre opened, the ol•iatur coanged the ,lcc-
,With such a great contrat a. this, tie sinni.le,.t tor switeh to the pOSmition indicated by tile next
ling 10.25-inch diametcr) would he secn c•rrectly unumber in the schedule opposite dw. number of the
in a significant fraction of the observations by disk being exhibited. The -!seharge in the ".on
practiced ,bser.ersr. warning lamp ceasel as ?sous as tilte shutter lk.neid,

Munsell palpra were used ieeauase of the predomi- indicating to the operator the proper titai for change
nant role of brightness eontr.itt in visual acuity. ol the seleetor switch. Telt sez.qtld aftur the shutters
Numerous soet of Munsell palpers are available reached their maximum opening they began to close
which h,'ve app)r.xiniately the same lhninou. re- As soon a they were fully chmed. a buzzer sounded
ilectantCe in daylight and in the artifil-ial dayhlght Iniefly in the observation ruorm, the neon warning
.mpl.i.vwa in the expcriiiaents. The use of such sets lamp glowed, and the disk carrying the plattern ro-
makes poeisihbk the separate stuly .of the influeneft tated to the new poiition. At th-y sound i o the buzzer.
of chromatic anti brihtlitness contrasts prep..ratory the obsperverN recordedl their judgment of 'he ober-
to studly of the effectiveness ol chromatic contrasts .ation just completed, They were at Wwbrtyvl turn
unrettriet,., .o brightness equality. the indicators of theia recorlers st ary time during

the observaaion periol asd to rhantge their inslica-

.1. ProeduOre tions to correspond with rev.i..t juilgrent .a.'iucl'
ap they eare,. Only their 'inal judgment was re.

For convenience of notation and t conl, tile eight cordted at the .Uund of tdie buster. each operator
pIossible orientations of tile test :',%tiem were nuni- .In. iaet..- .. slde. ,,. - In tk ..I ,,€. - .... l.r The
itenred conecutively. rloekwise as viewed by the oh. oerltlor wAited before changing the st iector switch

servers., hiaginning with one at the top. The utwerve, alain until thie neon lamp was extiguiaobti. indi-
inatd nou use of thewe numbers and were r.luirrdl ratinfg that the shutter. wet, open agnin andi tie

",swreIv in tflrft i'idatirs on their rcrording ponrife.s Motor eirruit wall dead. As 14mn ais the .,ithi wow

14 lpositions ertisAlioxndina tit their iintwesliitm of PA-11 to the tlnaiebltcd hliratioti. the operator cheeketd
the liatin of tl;7 Itip to the rinHg to the solid dot tiff ,ach digit in the ochedule to avoid dlnp'ii,
Na 'i.ih t - trsls!, A "chetule was prltiarr in .il- and omnsitiwo,

sarce oi each tlet permit, listihg the tlarot arrange- When all the digiL.u in a MW hail beex chr..kel 4,t

llits!N. "Uteq e "nd reftitkom oil the te"t•, and the the siletior switch was next sit to the 1 usitioin insif-
ronr,'r•t oriLtxitttatun of the pattem, desigatel nu- riteld by the first nllttber of the ntst row. W%1n the
ixrwltily.Ali As-ny ai, 12 differevt patternis a. tehuttert. Pusisumentle rlomrd, the firslt ,yaxtlsalt plate

utied in 44w trot iion. ELach wais oxhihited 10 sue- was ftltoved I.win the ", ian tha .1tO9 plotei. slll
,stv,. xwio. in r"doM orlvsint 4oft. anrd the iilir the ont liste-I twit -%n the ho"W e was i..rte-l.
-;-.ehoie % &# raedtp. often with •ci'rtelelo t other. This haiw cotuld hr mad 4 duna the 6 o-vontos 'n
wil. .-lmu-p 4 *dmer of pr ataltsot of the varklto whieh the huttimi ats ri lo withllu into-rNpling
"it 1oil-, P.t1 tiM ri-l#6fla of varlivus contrsts otf the rhythm of the phsrVatlutwo oI iaterlt'rian with
irt-"v ro.I goy *ef lily ilnluak'd amo" the rsdst thr fut•inInsitg f i nitatingi mnwharaiit. In tlial
c.,ntrts. pattern tt ehltk -n the letl of psriaon- %ay. as many a* It patterns were rxhi-iell withit.t
RlIWe Of the OnMeiersM and to SOUznUlatae a s1i.&tet iMttrmsWitM W0 limts etach, in rs&AIIIIII ILI Iroatrel
masill flate mh s oichrntnalie eviwtralsts ontre tat inin - twmetastias. ii a plwiof ol0 qI) miai -I .hl%5 this
nigh tatisfaerlativy prchwitrie curves to be ae ilas perieWul, thr, oas-iTrr oporated thwir cetrifri tior-

Sthe hasi for ln l otxo'n ,4 the data fior eonhr e,-ir,- fot rich t rvatimn, said the rnivpletr ttiwt o-f the
trust,. 120 juduwatv n.. r-alt, ,, -.. r -.. uii- . i IN

With the shuttmer' Cosed. Ith atbie¢r, 000hWd inl -"" of 16-m ilAm. 16 inclhe Iot1.
their -eats in the oilrvinit ralmL. The firta disk was E.ah paltt'M %ait shoiwn 20 or SI t3m1 the Wr-

- placed in the apparaltu awo the otlklNtr swritch ami ond and 0l.- i I•lwitinloao taf the taplose 'rhemluek
maimer lntarh waiat 'aem al the firt numner appear falloinriig rsI pernes of II minute,. Nlotu patternel
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and Certain aehlronatic rontrastk were repeated .hinilar in hackground to (.roup UI, this group was
vet'ry session ftor wt-k•s as coniittn itlnolminators for oturl, less staole, prjatiahly because of distructio;, of

alt of tie tests wita elihrmatie conitra.-t. intercst and energies by after-ha:rs- activities.
When c -h sclwdule wa- eotopktcd thu mtaster

reekrd waso e•tnpart4l with the schledule. Division u.o.
lines were drawn between the tape reVrt. of tile
grotllim mat'e Up) of 10 ibwition., of ,'teh pattern. ncnnrth,t I. 1.r lm,.hkratt. arhroaaaatio ' atuwl eclro-
'Fthe notation e! vate' pattern was transctribet on the natir eontr:i.ts, anuity appears ht depend on con-
correslionding lportion of the mnaster tape, and #he trast in tile Sante mannee" as .isih)ility. Therefore.
tale rnueord made by each )bserver was eomiiartd data obtained with test objects etn~enirnt for ex-
with tile ,.master. lperimentation tsuch as the l,anltholt Mir, empIdloyed

It in nitst of the present invietipationp way he ap-
Iplied to other shapes by the detenninatitn of ema-

ipirical conversion faetorts, using for tlhei tests any
Difficulty was exptriencid in obtaining suitable convenient but tlefinirl-ly slteified contrasts of ob-

obtervern for this rtinlram. More or less extensive ject against background. If lti'se conversion factors
* data were obtained %%thl 27 inlividuals, all of whtm are, determineil liy fihld tests, tlwir alip,'tatiog, ren-

bhad nonnal color :isit, as intlicatedl by the Ishi- dent the labitratory data useful under thto field
hiara tlest. Of toe 14 whitis data are suffi-itntty coini- conditions. Fundamental data of -mhll intricate
plele to warrant inelusien ill oulr rnsults, three wore p lattiIn-lna as are the otlUlhett of thi, reieort cannot
I'laito rcontinually while olbs.rving. Since the Obier- lbe obtained bIy actual field exaat.inwnts tbet'auw tof
live wai to evaluate only the relativv coutrilhulitans incntinlrdlhlt. variation,- of :'as.rtinl conditions,
oif elhroviattir anct brightn•vis rontrast to acuity. At- dip.lrirattt; tit ait.itati-,ii, anal ihhtcrrllliions astdl
sververs %jilt Rlios were toleratedti. tkhlavs alie to t srllwhr civil unfnavtrnale eirreun-

forullp eIlolisted of five high ,icitl studlets. '.la'we..
apes 17 to 1I., whlo erved after shlatil hour* and om Conlclaston I. Ft'r high, hairetwing chrmatintr eti•-
Sallrt lay and holidaw Slvwcial check testi were trastu, aruity gpl to, iltr,-.u .. i rapitdly than
lie-, iOd anl ustad t,. 44ok% :r that !.he re-ills wr'v. vivili",y Thi. is lorliev.Al t, 6h , .- t- ,"li. w q. - ,f
not allt"lIt by caionumunieati, ma of telst infmwtihtii ehromaltc , abverratiat. an lite •ye bit iý mat likely tv
alaibll "hoervets. lhe of i"1tlMlttantt in Itg.Chstallhce %,t",,•-r•lti*s..i.a'

(tweup It crnilsilstd oif five entl.tyrr a of the t.vrvn the #,,h,* of highly thrt.sinte t;ftnAl "Inils air
Tiffany Foundiltoan what had brn truinedl and kintl •,a•.iaerably deolstur.tl•il hiy a1tt'slahcrie hatSe "W,
ther" in similar ltvst atreatly drtihtibed. The nuixi- inagitualr of tbtt trealmuratul vaa l c h cumiliitoe lfor

* mum ap 2i4 thens obere was 26 y.ears; all were any slirifliel •H ,t! o ,mfc tkill il Tt4 r hlnatn arui'y
recent colklv graduates. fouar snajat,, in psychohl"y will da'e dm tiw le aherreami cotntrast. lbst thie rotw-
"And "he moajalr in ht•,iw'llwy l nO "w had any appe• . trilmntlai oaf Th* akvl"te 1Atl crtattr contrais r•a
riablaP preparatlo in anSy thf fla physifl oir. utuially IV "etimteal frat 11w ii latrd timtntaui

ThM, Itnvp of ulotwt, wa* far ltesuepei In any beau"., lh1 rrmwutatir ronalr-st- I., l ts uhan OhW
Ohtmhe, Umsi4. thit pir'ltrane. bhueting rcahe al.vt whbrh liw h4.elmanllir atholrati, .

1T11* siuhwrinty was not hi uicke of acuity, but ti te ley%' hIrkmne-M imponanl.
in stalhility. fiwreuauhiwbality. and innounity ti lboom-. (Uonme.nine I Th.. role't 4af filtzir. yielding ran-
dm and the vanetril of nimbrhuiatat whch at, . %in1 amnily against an raluitly bright ta.'wkltat
thw !Vthcr ivmntp exhibilel arra-inmoll I. Tl, to a - t4 PI.%,%otqillry .Lig'.. ,ocal t .ue r ts'.' t
trihbutcl to t1W intrllktual curitily anl aMutr.li, hy a OmmUNAh rhIwed curie ,taaoels the lilint rtIWr-
bnskroi" td oi the hairl.. "s erreI interaestd wi thIe ciriini tlb nlovr of the haekatgrutld in thw .tandad.h

* !r-r!uirhusr and .tav-te.-hay '-rnth of liw rfeullt. aliaratn for re-ph uti it .,- tI. rh i ar-
Judging (elion the eaf i*m pintiml in Ihi. IWurck. loiwri --I low f nhllbrs iit .air 1w jun-.rrtwifOt i•s

t"h 0 IS On, nleruibte ,ilihtte f.w Ithis baIkgrounld Piet r-1ritier brighltnr. ,,trlrAls 4 5, 1I4. 1•.0 lD. anal
"and attitude int cllrualeirvr rtol. of %wtal acrity 25 lir re~l

TlW I" fohur 1,a",%reMs l( retap IIlt uIIed to roa- . ' ru4 sOum 4. Vow , e IOuhnwA erhmatll and bieihl.
slee It , law were ale.. rmrint c t IrW tor Jun ior o dfias. the aruilv aplte, to he al~.1a,,i-
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PERCEPTUAL CAPACITY OF THE YUMAN OBSERV ER

gixen by eqiution I ! I, iiultuily trot, of v'iiit. Iilue. grtn, Inti yiilt% .tiuil-

it -4tili. 01'atln e :,1, rit r pd- lpur .h, , -. l ,mH . 101, a1t ,VII,
•: ~~rc~d;ýh .oI' bn'<wnihi tunde'r 1hi-St viri'-llm..talnees'.

wliel~i C' gi, jt&'.ntr~a,ýtad 01-1 t C opcun 1. Whio en resvot '4tn.' a i' ft 'eed ftor everv
'• ~~~ttelhrokimtic !)l'ig~nttl.,'ls voiltr'ast eqitaleixttk to flit(, obsvrN\'ttion.h Sigilifi('aut petr:t,entage.ts of1 correc(t re-2

elirolilatie cittlponllett of the ctrtotst. as dtlfel'initt' spo1l:'11s arit' rt'etirici for neativ' v-i~ilc talrpts 2vvni

by interilalhttiot , in tt. dinngratutis. File chrmlitie ii h-I, tilt, bse'rver is fiolh':l clitvintved that tilh ,oh-
cotmponents tif contrasts cnetunte'el utI 1 leitcld jiccIt ril' tittil is iooih.Isly in.h

conditions are rarely over 25 per' cent, On)n the other
h a n d , : a p p r e c i a b & o lr v oll, + , r. o s t s a r e I th u os t i n lv a r i - 1 P R E T O A I H L A R N S ).tdtr.,..jprciah etif.iiiIittA ' :'' . PERCEPTION WY°I'HOULI A\\~ARENESS
ably comblined with lbr'ightness contrasts greater
than 25 per cent. Therefore. tihe visibility ot objects The statemteint.n o f ('onluhsionn 7 tire true hotth ftr
andl actuity for identification of (letail au'e pr1inarily sp ot.i tll fin, gaps of land1lt rings, for achr1rm ad1'
hependent nt brightness cottrast tinder mist field nIelij d riIi tat ic cotntrasts alike, ani for' till oibserver's.
etonditions. WIten brightness contrasts tire limititcd g , l t re p •i It ttt i tie salti' pivtnt'itentia. HW
as in the case of signal flags or pannel., cohlor di %r
fr'renees IInl .; n nereatt' aeuity and visilhility ' it te: . .,I thc sl .f i.,.

chrontatici!- co tnt rast can e int+rodluced withoutI,,, li: qe Ililn. At thle lli poittions of flit,' top of the etr\e lit'

,'qttiivaielit sacrifice of briglitness c(mtttrasts. The dia- tinds It iisk tont, too ia.y it k qit\i an eONoI to ri , u flit'
ranits given for several different lbackgrotund ctlors itst 0hci t. At flt iiiltt of the -% .ti. hie lets no ijilti t it•t

Imlay be eitployed ilt conjuitittet in with tile forit ula Ile is gIt'l ym ;m.% ri t-hl S1 'isw,,s m all atd vli ho. i t Ititir
• " ~ ~ ~ ~ ~ ~ H M I finl~ l t hell li p ut, e~' hd v '%lo v ih w t to m m - ,.sVw'o rk . In c .•p r l'i-

given in tlte first sentence of this prtragraph filr intl. d vbuhivlt find it dittiult to ti.rc, ihvntsvi.ves ii, gi'v
design and estimat ion tof tilt, effectiveness of ally 'Ilt ti isw'r itl tit eximosrt of tlit' lest obt'vi. The retark-

specified coiltor cotmbinations unmtI' alny specwifled (lon- ;hIt' futl is tIlI;I with Itvtry small trst tohjt,i'tt W111,1 t.ht, stlh-

41itions. ji'v t iS itlir illu imtirissinti that lit, is tuvsin¢i, aclt alll, lit,

Conaclusioa 5. Tile effectiveness t,f ctlicinat i, (till. sie-llitt i , than ontt in v id i t flit' fist Inione
(•~ n' it Ilo'iln l| :' Il1:141. flit, -izq- Ii l" ivnl tf st (lnJec+1

ttast ili aitelity anti visibility appears to bhe pro- ysuik inil,,t :,I m'i i fil It I ,s ,, the t.isittl.' t n iottr of t ,t'
ctitrrioinil to the effectiv\enets of brigthitness ctntraist anitswtr1t rii'n ,.I ,t'ms tiot sittilitilytlY i r 1ifa ti, n woull

whten brightness decreiases from I(X) fttt-lainhbirts t i ht, t~ f.'i.d irit it isnll'e i,. ..

1O0- fotit-lItnbert. As thit, adatttation level decretases, Ill a:inu tl. par (i itf hit repirt, Lythlgoe (lest -ihit a

rtre.tter antd greti hr visual 'ngle.it, and it(ntlfasts tilre i1litnntiftivt'i itst of this piltntittelloll2n nd wriles:
ntveei'sary to ittiake any pilreeption of the viintrast
ptSsihile. Suui ieit int'rease of hlrigl.titn's, contrl'ht is It is its I htiit n ilt, eye. a d fli t 'tulji',,'s ittwit' fitettd
atlways ptoss-de, lit., if t i- contraust is liurlylyhit flift ti it p rtly ihlysival fi'ores, flitv r,,linstti ql , iugit wtri v".A tilt' coniition.w are tnwilh mnore dillim'ilt. Existitim t dirlln
itiatit, with liriglIttts ctontrast txehtite1ld, there, pxtts ' flit it it ion, i r of 111v i r olt . the l'-
it l ev e l o f ttth tp ti tfiiin l itiw w h ich l ilie -p rei t't i to l lit I wtn .f ii o iir vp e, inttt lr f tlit slub ess--t hit il l.ih jefl'la I\'tl ll'adtld ltiqlIntlt~\'x\'th' fit'l~~l't~ltin i' wltitiits . I eX Onl r iiiit~'imnts. ti itslnhjt'i \\'is ilt~iteil f

i tll i'tt-t is ihll .li sht'ilde ev ll fii ll- i'g., N i." l atlngh'.. vil'xfIrssI his views ott lit t i tetirity of lii, \%%ti kuttg .if flit
nmqllle'i t.it ,u h liratitttii' ti't ntiss arte ftfillouhz tlttc ull'v lint- l)ivhy itl urovte Judhted liy oit,ji-'lIt .:til:trdi-. his t1W.ttl'-

itetdi If exe-vetlingiy severte gltre i, i'ctoiAtt t'id, ill """ s5w lii IIt, of tlt, it ':,. lIl'ht it th i sib it 0,i n IIi i' Iquite

wltielt l'ighititess cittitrasls (if less 6 1111 30 j't ' le'rft iitr'lt ii they h 11 'oi1 nrtitalll 14t;, Itv it flitoiii Ihirto

titolnlot cl iter.evivteil, it uIay l e ,'t ied'ii' I cli I I 'ro-

ullntii, contrasts Ilthe t ffw2cti'tivw,•l t. wh'Ili' l'alhot Exrt'ricnlc ill thi lt'-c.'nt investi"'atiiin hims bit'm,
"+w e x e q~l , tn..t S111,'h limtit; x\ill ilit 61l, I', lc'plinl., :tr'.t ',Ik utit i,, v',"," striking Flh i. Ii,, l t ill v'n-e,, whcln

it
1 hter'wist highly ihron iathi' stintuli, .,ith as ,r'eu. liltiinal ler'uslts 1 *' i 1er cet'It vt'tr''t't w l'r' liting

blut. or vello' signal., avay not ia' tobt'itguishahht ibtained, the obstervers exiiri'leneied si w't diflictulty
friolmi whltt, luld l' it,t. rehort 'I m. ('ti I lt2ss tllt tht.' \\.tn'' ,tl4tiet 9111iII t4 tineo-m itt uitf 'lvint

Smht Ct'ltlitiiins htat'e lot li2en tstIt tl te•'i ien - 1h,, gal) or sp- . The rtie peirt~'p as ls of tihe tiite nii-
tiv•y, Ition of the targ, t wert, P-o flteting t' notipc•rei tailh,

'onutelusion 6. At or \ear the limit ol visilility, thie that verification wits impossible, anti there waas no

lhat's of chirolititic ttirgets ift, nolit itireltih' vhe, c,'cni lternative to I indicatit it tilt- oii'lttititicii thus ,,t

thouigh tilt' olject tniay I, si'ci it ahe it iv ll 't a ia tiht' :va nt lv liret'iv'id, li tt' il'e.In:1iitiif ',Iunm'S the oil-

CONi IDENTIA,

I I ii



•.• I'R11ACT1iAtl. \ iSiBiLlIt i'P IllBOY'MS 73

.'-T'f t'ip haid .-to 'm t IVl k'S,l •T {1 St(ilf ' . 1111 , 11 O now :i- I'm• F.' . .-: . ........,*' I P ' € . . : L

.. ;al;'•.i ~ltl iftVhl'll I1,101t IIA-ca'Ill( tifo' rp ertl{" orleln- c'han el ot},1'I thl ad.v\"intagr oif .50 perl vc{nt of. g.rutter

Slation. thollgh they looked a.! VtrT4.I!ly atld as long l,- o l''' Illge t:, oý iion. IIf )lO"IIN', 'VPlY jlokolut

'It e te ll, .l i .,nd Ittion.- (,(,ccllw ld, t he I le i fl..gi a lso h In' I-r!i • with till presenlt I.. ees (if

g ilvs's:4, iultIilly florced by hnte ' I'(Ilil'l-llelIl of it ' re'lortinlg immediately Itn. obtjec wvlic, lie s(el of'
: !IR'{'+1Iu~islI&, .vet \when'| they f~flowe\'(d ý-ollell(.t~iotillS i(I'ntifiv. ipo.ýitivvly. Posith' 'l.' ~~l )'ds

obsli-vt'i'tiol rihey i\'ere' ro('I'vet morel'l uftte.n ilhall (an~ tiliguitwd:ll (elearly trot `-iinal |eporwts ni.•d reia 'výd
be: it, olttifitn(d fort byv chance'. lor pt..lhitlis trrlýflIillttk {I the hlokotut by. morl,

direct channels i, ev'en iii thet inmronflae ev'ent 614it

S1 J" Lookout Procedure tihy alie Ill immediately .('rrolorated.
"h .rlOugih trial aI'! mo1 i fi('ati(1) Iv 'arefiii ex-

Since tile phlltonoiviloln oft percelption witlhout perhnt, ntatio~n woulduh mid(sibuitediy bei, ;.cessa|'., to•

1tW ar'enets is not t i'p'u( ient (oil theeil'li'tieular forir perfect it teclhnitlue of this general character, Wit the
or color of" tilt. test ob)je('t or' oI the procedure of probabie advantages 1may hle .-iff1'ienlIy important
th' experiment, it nay be Io' I general 1e4uT'ren'HV. to) jistify tile effort. This method may wiIt lie fea.-
i(c'aluse of its pos-iile hearing on the pr((wdure l hile oil any except large units, because tilhel present
emlployed hy hookolilts, this i)n'int was empilasized i1mler (If hlookoutt. wouh probably need to le

to the Army-Navy-O1SRI) I ANOSRD I Vision ('(Pil- tripled to provide caverage without widening tie
mittee tit one of its tir~t meetings. It is e'vident from .ector oIf any one lookout. The change (If attitude
the ditta that iV u.. is mlade (if tilt' pIhenomlenon reqluired to report P.11 "hunches" immediately anti as

described almv'e 6imttl objects may be detectable acccurately as pssible withiout waiting for self-con-
and idlentifialle at distances is niuch its 50) per cent firiition naty Ile so great that many expi'ieienced
grenter than at. present (see Setetian 4.4.11. This looko(ifs may lhe unsuitable and the training of new
conclusion is based on tile assumption that the oh- personnel for such duty may have to Ile considered.
server is required to be ,ertain before Iv, reports Ir Snucl training wouiild cultivate a very attentive, care-
identifies a strange object. In prnctice, an approach- full ittitude rompletely frc• of inhibition-s reording

ing plane nIight be rep(orted 30 per lent sooner anti false alarms. The essence of tile method is in the
identification of type may be imss.le at 50 per cent fact that when an observer concentrates and reports
greate( range than at present, reduling tile hazards all possibly significant impressiont a considerahle
of destroying friendly planes or (if permitting htws- fraction of his "false alhrms" prove to n ave Iao ina-
tile planes (to aplIrolit I dangerously close. Also, tion1, and %%-lien lolfirmed by il 4iolel'idten t repor,
ieh Olf for. survivors ,.my le zil|jeet to improvement itf another similalh riu" sert'er tilh- probability (if cor-
eorreslomliing to as iniueh as 30 per cent inerease (if r'eetneqs ahppra( li's certainty. A triple coincidence
radiuis of visibility and tiplrecialhe inerease of the sh14l liuhe more reliable than a '.'lositive" report by a
effieiency of searching witiin tilt' pr('- nt limnits of single oblserv'er :and may extend tlt' rang(' of \'isi.
visibility. hility anti time available for vou||ternivasurem 50 per

c'ent ir in ore

A • 'O'iE5TIII 1'iit-u TEC NIIF'i. Not word lilts lIven re'ceived thalit the stiggesteil

It was stiggest'i! to tilt' AN( ),hI) Visionll (C'om- te('hillique was tried by Navy lhktilitlts, hilt it is
mittee that such iipllrovemel's Illigh ht lit' olIt hle' ndIiIitl• I dhai recent editions of tile .l3anml ' for
itY prrll-olin, at heast three 416em-, l'\,,S ,to st-an the, ht.o'okol hnstrI'l 0m. or d~vocm, the rtlorting ofl

qatne sector siimu'lneoIsixy, These 1l(kouts proh- "Ihmnhecs."
ahly sthould vit c.ollaborate, hillt eachl m|ight rcpoit

in tinedisteiy Iipossihly by s o ml e re m ol~te indicthair h,: f (A C TI' C( A I V UIg L itIll' P h•O I L E NIS

deviet ' to I 'ental'' statilo his eshi'a1 e ot'f tilt' Izi-

ninlth, range oand altitdh'- of aireraft, i and eiarae- le, ire life i'uitlti ol tl t, extensive experimental
ter Ithat it, ship or ')lane I of et'elh t hing hit I lte I;rtigra 1ns desc5'rjtht in this e(mpter can Ihe !i5ed in

thinks lie saw., howel,'r fleeting or vaiel( and ,.,''eri. tI' oli.1t: i1 (if practical visihility pI h olems, mueans
tit'I tile i rle'ssion allay hlaI', imeen. The I,.,ntril Illst Im privided for comnhining tilese data with
station might relay such rellorts to higher aitholri tie, if formation rega ding tile optical state oi the at-
(only if two or nmore eorrr lb(rating reporlts ar', rel"- nlISlpel'e. Nolinigraphic chlirts for this puirpose are
' c'lv I. IbThis prIl edure willul eliminate alnosý fill prm.svlted in Ole two '.'o 'low;ng 'hapt ers,
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THE VISIBILITY OF NAVAL TARGETS

INTRODUCTION WLi.C. QA71Vf. EXAMPLE

Let it be required to find the di tance at whichl a
ffl'•k LIMITING lange at which a ship at sea, a low- uniform cir.-ular target having a projected area of

hrying aireruft, or a shoreline ioay be sighted 100 square feet anti a brighitness of 10 foot-laniherts
can be predicted from the principleý and data which will be limnivally visible on a day when the metecro-
have been presented in the two preceding chapters. logical rarge is 20,000 yards, as;;ming the target to
Such a prediction, however, requires tedious comn- be viewedt along a homnogencout, horizontal path

lImitations, impractical under operational (ontlitions. against a unifor:n background of horizon sky, the
It is the 111rpose of this chapter to show how the brightness of Nihici is 1,0(m foot-lamherts. The in-
computations can Ile avoided by the use of simple h'rent contrast of the target is
nomogralphie charts and to illustrate tihe use of such
charts in predicting the limiting range iet which any Co = 11) -- ltWO = - 0,990.
sptecified tar'g t will be Jtast visible. 1003

This value inmieates that, to an obser~ er close
4.2 THE NATURE OF THE PROBLEM aboard, tIc. target appears as a nearly black sil-

Previous chapters have shown that the visibility hoilette.

of a uniform target depends upon the apparent con- Since the meteoroogical range is 20,000 yards, it

tiast between tile targ'ot and it., !arkgri. , " may be assumed that a -1-ry large black ohjeittrast betwen tits trg, h anbeiti"miii.a'ks .... ni,,ltia
angular size of the target, its shape, and the percep- wouhl be liminally visibla atpproximately trat

tual capacity of the observer tit the level of bright- range. Howecr, at 20,000 yatrd.; the angle smbtendid

ness to which his eyes are adapted. Both the appar- 0,646 target is sh iow n g y etoi tion (3 ,it to ape only
ent contrast and the sngular size of a target vary minu. Referring to Figure 36, Chapter 3,
with target distance, gult in seortance with differrot or Appendix A, the liminal contrast for a target of

laws. For example, at a distance of X yards, a eir- this angular size is - 0.355. flfovevcr, front tlie

ul~ar target of area A squiare feet subtends an angle definition of meteorological range, the apparent con-

cl gi etIs by trast oif tle target i=3 - 0.020. Hence, the target is
invisible at 20,000 yards.

1293V'A Although tile liminal target distance is now known

"x minutes of bre. (lt to le less tihan 20,000 yards, its actual value illust
lIe fo•nd by trial asud error. Assume the target to bI

The apparent contrast C(x of any target at dis- at 10,000 yards. At thiis distance it subtends an
tance X is related tit its inherent contrat ('C ly the angle of 1.292 minutes, and its apparent contrast is
relation shno il by equation 12) to be - 0.145. Fronm Figure

,. ,- t2 35, (ihapter 3, or Appendix A, the liminal contrast
for a target of this angular size is - 0.0W. Since

where r i4 tihe mneelorologieal range. Because tile the magnitude ef the apparent i'ontrast exceeds the

pereeit uaIallacitvy of a hullan observer depndits ilignittode of %1.,, liininal contrast, tlie target call lIe

siimultaneously ul1'n 1 oth a and I., in thl, ininner seen at 10.000 iir. al? 111d hl,011Od
shown by Figure 35, ('hapter 3, any calculation in- In order to bracket the answer in a systemi,,tie
tended to determine ilie range at which a target cenp manner, let equation t2l be used tit find the distance
just be sights, must imiitnist of a series o,' mik,,..ii'v tt which tile apparent ••e,•:t'-st is - 0.wv(m5 Tli'u"

alplprximations. In oitiler words, the answer imist ,- ',)und to le 11,930 yard.. At this distance tile
be found hy bracketing. The plroeedure is illustrated target suibtends an angle of 108&3 minutes, anti tle
by the tollowing example. cl'rre"U•tfin- limninal contrast 15 - 0.134. Since this
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I-xi. Ids to sti.i',l,'vW ,',m tritst iii ii ,it. tile ient. property Vol the (iilll t4iiiI)les thwil to i P h .!w5d
targe't is noIt, V.m oII) . wZ Pti y:'~, Ill'll•tj • 411;4 ... ..... ., .. . . -

"It is evidhut that ti li( t ditace at whi'ch tihe target cal ralnge,
"i linainally visiible has Ibteen bri•r.ketecl. If tihe brack- Fill- ex!:1wipi,, let thc .calt- (,I lic- 't-in'' lt gi."l al|tp

etinkg nro(ess is contia tied, tihe answer finally at- anlii liminal target distarwe in Figi' ire I1 Ilh i tot i d

taint, is 11,000 yards. by 1/1/1, so titat tthe frlrner VcONIT Vr. hid,> di to
'iThe ftregoing calculation it :k')viously tt. (:li- 400 yaris anId tilie numbheretd di'visioins if t he latter

bersonie, too tilie consumling, too .tsuIjeet to error Ibvgil with 50 yards and end with t,0,000. The curvd

to be practical for routine use. Fortunately, tile line, which fornmerly applied toi a target 100 square

calculation van he avoided completely by the use feet in area, now applies to a target whose area is I
of ninographie charts. square foot. Thus, as ildicatt-d by the ltdashed line,

a circular target I square foot in area t nu1 having an

4.3 THE NOMOGRAPIIIC METiI1l.) inherent 'ont:trat of = 099 -inninally vi-ildh, ,,t

1,100 yards onl a day when the meteorological range
Figure 1 shows a notuogralh ic chiart capable of is 2,000 yard. IObviously, if Figure 1 bore a tcurve

making simultaneous allhwn'n'es for the variations correspotndling to a target area of 10,000 square feet
of t and C.y with target distance. Tile curved line (it, the basis of the scales as originally numbered,
which crosses the center of the figure representi' data the curve wohld apply to a target 100 squere feet in
fromt Figure 35. ('hapter 3. Slecifieally, it represents area when the chart is used in the omanner just
the limitinig ,wereeptual capacity of a typical oh- descrihell.
server whose eyes are adaptedl to full daytime sky TAaoErK OF \'R' l.Wtx AUFA
brightness when the target is uniform, circuhlar, iin

100 stluare feet in area. A target of any other area in dealing with targ ts of very large area oi

could Ihe represented by a different curve, and subee- targets visible at very lbag distances, thle range and

quent noliographic charts in this vhlume contain a 'listance scales of the visilility charts may advan-

family of curves corresponding to a hiilitnfold range taget'usly Ihe nulti 1,lied by 10. If this is done in

of areast. Figure I, the curved line thln appliet tu targelt
10,000 square feet in area, and the dashed line

ILUSaIMATtvE ExAlPUtZ indicates that such a targot will be !iminally visihle

Tot illustrate the use of the nomographic visibility at I iO,000 yards in a (lay when the meteorologicAl

chart, let the example of the p)receding section he range is 200,001) yards, provided the inhet'ent

solved by means of Figure 1. Lay a straightedge trust ift the target i.. t 0.99.

across the chart in such a wanncr that it ronnects EXKT VALVES OF TARuGr Aa.A
20,000 yards on the meteorological range scale with Since tile factor by which the sealeq are multiplied
0.99 on the contrakt wale. (The dashted line in Fig. may have any value, the curved line in Figure I
ure 1 indicates the position of tlhe istraightedge.i can lbe made to apply to any area
From the lJkint where tite curve is intersected by thiet For example, let it he reqired to ithd the litninal
straightedge, move straight upl or straight down to tagt distance for a target wh-jw Arta is 84 F(3I.Alt.
the target distance swale. The answer, 11,0M0 yard., feet, a4.81in1ing, as WIfore, that the inhiere,,t contrast
read frotm this lcale, agrees with that previousily oih. of the target i6 :t 0.99 and the metetorologieal range

'iiq,, b~y hraeketing, is 20,000 yard:., Since the area presented by the
fcurve lustt Ihe Iultivliiel bly 064, the range and

Special Cases listance scalef arte to hle multiplied by 0.80. This
.,.,rans that thc dilvi: ion mllarke, 420.0m0 y.rdit w, thle

Foo iletetrological range scal .orrespondo with a

The sealks of meteorological range anti liminal meteorulogical range of 18,000 yards. A umeteoro.
target distant, wa the nomographic vi•ihility chart logiral range of 20,000 yards is therefore relpesented
ithown in Figure 1 may ha multiplied by any factor, I' thef di'islon umiubered 25,0U0. I: this point is
provided tihe value of area assigned to tile curvt. i connected by a itraightedge (not shown) to 0,99 on
multiplied bly the squar,3 of the factor. This conven- tile contrast scale, the intersection of tile curve and
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• ~~' AM .. fl -.. .. 4,., ÷ .

target distance. After unultij:lving vy thife salu fav- The nonitigri.phic visdibility chart tan :•;,c;'I to
tor 0.S0, tihe Iinnialtu tnrget di,'tanee is fiRfoIun t: be solv e lti,,mimi t2l. For example, le! it he required
9,920 yards. to find the aul,parent contrast of a target of inherent

Th, family of curves. eili rr p ,. p ti- t-. -.-, iti yr roh".... .... 2t'"Ti i' .',v is IM,1X)1 yardis fron! th~e

of difftrent area, which eppear tin all tie non10 ,1- oilsrv'er on a ,iny when the Ineto4rohogical range is
graphie charts presented later in this volume are 20).0tMI y',u'tfs. Place a straightedige' across Figure I
intended to make unneetssary tVe typ.,' oi alheula- in thet position ;hlown by thel" ditte, I line. Plate the
tiin just deseiihed. Hotwcver, f,,r the eonstruction of point jf a prneii fit tit, Intersection ,of the itraight-
tables, or for special computatitmns requiring grer" edge with thew vertir d target-distance line fa' iC,o00
pIweision, the neftaoio ilescrihed in this -tection should yarts. Rotate tw- straightedge until it )a-st't through
he used. tile infinity ioint aL the top tit the mteteirthlogical

range settle. The straiglteelg. now intersects tht- con.
,.3.2 Other tUeb of the Nomograph Itra~t scale at ± 0.145, the apparent vontrast of MhE

target.

"TimE DxnrtMxAT.io OF 1.IMINAL ('O.V1aAST .Ol,oacusly, this technlitque can he em1 .ic:'ed to

The ntcnographtic visihi tvy chart may be consii-. solve for any of the four quantities in ti!uation t2).

ered as a ý'Jpeial plct of the litninal contratt data ,ltrietlire of tlt .VoN.ograph. A matlhenmatical dis-

given in Fi,', i'L 35. Chapter 3. eu-simn of teiv nomograpihie charts is included in the

For example, let it he retlairedl toc find the liminal nierofiln stulplemtent."

apparent eontrast of a target 100 tluare feet in area
anti 10.10 yard• fromii die o|se:''er, Place a strmtight- ,.3.3 Nomographic Charti for Circular
edge across Figure 1 ini such a nuinner thc t it con- Targets
neets the infinity point at the top of the nieteoro-
logical rmilge scale witll thie intersection of the curve More than a nillion oihervatihns of uniftinr. eir-
and the vertical lint- representing 10,000 yards. l'hc eular targlt. a• ti vuc' I le a ilthitoge'nicous group of
straightedge then interset• tOwe contrasat scle it il',oervero tit the Tilatly Fitmuitatiin W('haptet 3,1.
:t 0.097. the value (if limtinal Pontrast for a targeit TrhtiIterving tntlitio... raviring ti'e entire gItamut
of thiii angular ouhitenxe. This implies that all lint. i-f hrightnss rotditulný frimi the brighltest day to
innU% visible uniferii cireutlar targcts -IIIhtend ling the darkest night. wt.re carelthlly ccintrillh .c-I
the sa-ne antile at the cihtsrrver'P Pv'V are feprelentetl ancurat'lyv meaisureAd. .\, vit'ihilily ,-xlw rut, it of
lby a straight line rmitteethieti tK, intllhity ilnint -itt emliralhh ul magi ti:kfil t- thotini cghlit.- hIts ever
1h1' nietitcritic 'gical range Ideat' Witllt tihe' Itint repre- keten regic,r1r I; thei, Tiffany ,lata are luie-levet I t) IN*-
seltling the' limninal e-ntra-t. svi for greater rnlimthility than any citler visutal

Pre,.istc UIfarli of Li.,,, ( 'olacti. "'lit' Teurved ohltit. It is altlttliritt. thlitr,,trt,, tit litient thU1c.'
line tin Figutre I aw s rii runttted by aintirking t ile lata in tie. formif c it Be ccielaphie i ltrcast sniilar tIc
ipoint tit intervitetion tf( each vertical targtl -listauee FlIgure 1..\ AsA-04 slit-i tl eartis if, csentll in Flittirv
line with a straiglitc'cgtede rolwet i...g 0w infinitly linint 2 thrtiugl to. "'*rltt' ehmirts r~ivev aclaitantiot briglht.
in tite niieth'orc li yial antitc sc'vl with tlh alluirt. ita-'-Xex /too nAm h fo it l.itnilert it) 1AGO I• mit-lhm.
iriafe % alue cf linunl rilmri.-ta, lBetfore liiic critld I wi hrts in ilecintial slo.
doie. It table sltwing tice vahlues oif liminal ectulrat•t lactch ctf lieth nie iittures i Filturr I thr.ugh lot is
fur each intrrt-rielict was , limprril frotm very large- a titnti graphir viibility rlthirt lor imtiftrit cirtcular
seale pluitt tit Figur, 3.,, tC'hltetr 3. This tahlc targets oten against a unifotrmt rlacgratnm #f hori-
gi 't• thlie value't of linuiriaI rtcitrast moc cre, prtevist onl. rk " ha'vili, ti, brightl" i'i ii. h,, .. , I at the
than they e'an Ix read Irmf t either Figtur, 35, hap-. lower ristht rcorner cit the diagram. l)scr!l't 1ve
Ier 3, o)r Fiiturc I. TcLs uf I j type /oril l0 r I!lramit ouc'h tit overroall ciur itinrter moo% hatve
,ici6bity c*•hqrt iI tMt I-b i ,.at.., ore Ut'" ;,I the liven aidedi tic Aerve as . r:ý,;:' gtioh, .n '-rl-rl ;, the

microfilml stjppict ishtlni •l shccc•i lit comatttlc, to. ;,c vr chart for vime in - giivsn piroblem,
gethry irith Appendi" .4 t'heietcr art. trblr, or neir' Thest chutrits lt'•5 rielidiility cit vtity hilgh
rhArts care prpttrrel., order wliheni tueI t c pr,ýuhttt 0h•e ,tiscm't at wh ich a
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94 THE VISIlPLITY OF NAVAL TARGETS

vhen viewed along a homogeneous, l]orizontal sight sighting ronge. the target would I)e sten with thresh-
*) 01 agai;.st a :anitorm Ihaekrt;ulind .f horizon sky. old confidence. Noiagraphic chatrtl have I)c-n

The use of thic visibilit3 charts (and modifieations drawn to indicate the liminal target distance rather
. of teik. , for the salution of problem's of incretased than tile ightitrag runge, bcavause the iroicr .1 :antity

ct,.'.plexity annd greater reaijsz is describcd in later has at precise phliySical significance not shared bi dLiL
$stctions of this chapter. In such cases, the reliability latter.
of the predicted values oi himinai target distance
dept-nds upon the aevuraey widl whiitli thli. tttnliti,)tO., ,.3 VISIBILITY OF NONCIRCULAR
assunwd 1,y the user of the charts agree with the

actual con(litimt. UNIFORM TA RGmTS
a )ne (f the first experimnenta performed by the

4,' THE SIGNIFICANCE tOF LIMINUL Tiffany Foundation comlareti the visibilitv o' the

TARGET DISTANCE sil.luette fi a ship with that of a circular target
having the saie area. Tie exieinaent was repeated,

When utseil in the manner deserilmIl in the fore- using the siihouvttv of an airplane. These rxlxeri-
going section, the nomagraphtie visilhility chart., pre- uaeants stlggrtsted that unifurlh tagets of vqetat area

diet ,he diertaner at whi-,h tdie targot will Ih limi- and ':qual apparent contrast are eqlttally visible, re
n~.l!y visiblh.. 1, was cxplained in (Chtapter 3 that a gatrdhcss of their shapml. Later' exlrimet'ts showed,
target is lifninally Viliilde Wlhen an observer w'ho is htwt'vtr, t hat in re'rtain extreme e ases it corrtction

1roeetl to jimige whethit.r iht tar'get i6 preswnt or ,,tr tarmet hllap is rr'uired. Indeiti, as .hown by
ahsent is as likely to le right in his judgnment ts he Figure 36, C'h:apter 3. tit, timittal contrast of a zini
is likely t, le wrontg, corivi,t ion hlttg hveen mmicdleti rim ret-inknilar target, having at Ivngtl 10O titiuta
for chanet... UVafrturnntely, thv observer i- quilto -m- its width lind .Ubtentifing it Mlifi aunge of 100 liquare
twrtir, lithat alf his* m!swer, arte right, !Il. has nil iullt &,s, hl.us In f-lka•nI to Ih, uptre than six tiltt-A
rnfitviete that he bias ,een the tarilvt Trhe Iobq. gre.-ver dtiln tli lhototnal rown ! nf a ýquarv 4-f cir-
bility of un olirrmrr ro1unttari L rrepartinr, the pro.s, vular targut o.! 0w %ante are.. 7hA ,isibibltg o! i
rare of a liminni bt vlhti Malget es ,e"arIly Zero. unifnrtttn tn-.ri of itt' shape is nmerr greete r tha

the r;,:biity of n uniform eirr-itn, ftrtlet elf Mh sx.ilip

The Sighting Range twin' 1n .. d umsrent rontrnst.

At otatir, range I•s thaln tihle himtmal distancet|, tile ',itt. * t'.t*t.sii tau. . &.sq "s......

ohlpirVrr liqt'tttv mainseitis of oet'ing th1e tarlrt. TIle Earh of t he sixtimmtn figuniim I Figure II thibrug'a 26)
Tiffgany oltwrverrs laV'ear 1`hv0rue,.t that thle thrtthi, is am mkimnraplir %asihilty rchart (-r ti nifon We.
111 ,f em'oflihvie umtunlly t, twilehh., Willt n WIO tlnt4Cular targ•.tvs Pt) se nagiht a uniform 6ackrotund
rvrha- ,,f making a rornmt tellorl. They aL. di. of horiuum' sky havintg the britlhtne-s fin in.lieiatei
rostrem! that in terms of rntrtr-ist I al o. of th-lh at the lower right rornrr of th,. kiagramn, Tile sid--
pIyrhunumwtrir futnittitt ;w ni-rly in-hvIe-n~'nt (f .d d-sIslita the 0 t( t 111V1 * h 'Air Ith at hatr! Ntp-
ad'ptattim leve.l anti taritet size Tris vItw i- -tic-t h li'ts it intliratlitl at thi l.a'twr 101 retrer of the
tit.t .I to Vi.ra trjt I s i..notiiy t oiuihlt, ,s uin: 4ir tagtran.
ttarv,- Anri-n doulo e :Ah r e'vont will 1-, lern triA t I eaa-,. tht' form fatinto fkr W1r3'tahli" rvitmtt'1l
t.AisAohl rom/nljter, in 4vtili'i 3.2.9 .h'l-iul upin tie .angtlar sit. tf tsw

STit apglrxih.umt, rang" at whill , tm;• u: rAia t I.. ,igt inl thmr-f.-vr atiumn it, %I.t",,. ,!rri -.-

Sttn til tlmrs'sbulit roenflih'ls'v een Ilh- ia,'hrti fa..mi, .!isv rhartD at p 0w'jiti'd fr f -ta nlagtnxar tartr%.
11w n ,-uti ralp A it , viqilo klity rharts liv davidi'ilt thie As trh ri r .p are. pr u-Ititcd in Filturs-. 11 thnima-egh 24.

inhr-rnl tiot•ra-4 4f the i htrir- hy Iw$ hl-litv I-wer. Tiery hai'r louvr1 hy 'I;ply ite il"p-

in,& ow nitat tin the rhiir. ',,r ,-Santilt-. it, tn iiguqe pt, t' vtK •.f tt ftorlt ut-to tit th .... in, l *I44wit
I. tlw sitwubtlw linti. ,Nmrofnl 2O.)(" yartid. ui tiite i- ..,mr, 2 ,lmagih IU W•,m-agi 1ic t,, Tm,. 'tsji;iti of
mmrwtet'tnltrgi rlanav 'alt.' ill w .h ON,) git thie rimhtrast 14 rI ttil.ar larget -!: iihle.t m-.tiur ratiu' for 'it'•ch
vale. a tarnt 41i.hnmiei of V.200 yankt# wmauh|h I t irli. mat 'harl is givrn ran Iw infi-re Ivy findfing tie ri-.
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126 THE VISIBILITY OF NAVAL 'ARGETP

And a less extremie case. For example, tile visibility Figure 27. Place the point of a pencil at the inter-
of a 7:1 rectangle is intermediate between the visi- section of this line with the right-hand vertical
bility of the corresponding 10:1 and 4:1 rectang'•l boundary of the chart. Rotate the straightedge until
for which charts are given. The visibility of uniform it connects this point with 20,000 yards on the
targcts of irregular shape is usuallv identical with ',eterological range scale as shown by the dashed
the visibility of the uniform rectangular target that line. From the intersection of the dished line and
they mos' closely resemble. This rule does not apply the curve, proceed vertically to a reading of 6,900
to a hollow rectangle or to an annulus. Such a target yards on the scale of !iminal target distance.
should be treated in the manner described in Sc- A c:omplete set of charts similai to Figure 27 is
tion 4.9. presented in Chapter 5 for dealing with problems of

visibility downward along slant paths. Figure 6
'*' BACKGROUNDS OTHER THAN THE SKY corresp•onds with Figure 27. Figures 6 to 30 should

Be used for the solution of problems of the type
It wa& shown in Section 2.3.7 that, in the case if illustrated in this section.

targets viewed against backgrounds other than the
sky, the apparent contrast at distance X of a target I.I Uncertain Adaptation
sen against any 'ackground is releted to the inhe'r-
ent target eontr-..'t by the expression Whenever a target is vie ved against a haekground

(711 limited it angular extert and differing in brightness
C" = .... -.--.--- t (3) from the majt.r portion of the field of view, uncer-

I - (' - 1) taitity exists concerning the effective level of bright-
ness to which the eyes of the observer are adapted.

where Bs/Bo, is the ratio of the brightne of the VWhen the background (f the target appears (lark,
horizon sky in the direction of the target to the the liminal target distance may be less than would
brightness of the background of the target and s, is be predicted by assuming the observer to he
the meteorologieal range. llB/, is a limiting ease ,jdapted to the I)riglitness of the major portion of
of the skyj-grm.spd ratio discussed in :4eeftion 23.-6. tilt- field of view.

When th, bIackground of the target appears bright,

. Visibility Chart, for Any the true liminal target distctce may exceed the ore

Background dieted value, This is illustrated by a ship seen as a
ilhouette against the moon. In this case, a first-

The noinographic visibility chart shown it, Filture order correction can be applied by uiing a nomno-
27 is identical with Figure I except that a sky- graphic isibihlity chart bascd upon the apparent
ground ratio scale h1as been added along the in-idtle brightnes, of time moon rathmr than upon the bright.
left margin, and the contrast scale ha# been mumoved ness of the night sky.
to thie center of the figure.

To illustrate the manner of uping this ciart, hlt " THE VISIBILITY OF SIGNAL LIGHTS
the numerical example of Section 4.3 be re-solved for
the case of a target viewe`d against a background The illumination on the pupil of in observer's eve

I P e ).'d-ightness of 200 foot-lamlberts. Since the The ya Eli~t ilt impil of -in er'sit,

liriwbieed byndtotpoint souirce of intetisitY I.
Iorightness of tihe horison sky was aslsunid io l e itvn b-y

I.()OW ft.t-lamiwori-, the sky-ground ratio is 5.0, The

inherent contrat of tie target migain-t it.s h,.k. , ,
gro, no, is - .

C 10- 200 0.. there t- i. tilhe ieteorollieal rang. This relation
200 is valid on.y ," ehn X is so grmeat ktat 0 ligut m,.a

Place a straightedge acros the chart in such a Ie r,,-., .lcr a "point soure"" it thle ,enso that the
nmnner as to ,oonnect 5.0 on the .ky-ground ratio iodurt uf target area anti limmnal contralt is con-
#cale with :l: 0.98 on the r•.ntraot scale. The pu.titan stant.

Ct
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128 THE VISiUTY OF NAVAL TARGETS

Point Source tioii of thc 10,000 yards distanee ordinate adl thu
curve representing ai iu whipt iion levcl ,of 10-' fit-

The curve., of FigDpre 35, (hapter 3. are siraight lambert. The intersection of the straightedge %with
Slizes for smah values of angulir target size. The the intensity ýcale ,f the clhrt indicates the requiredl

sloh:e I these straight lines is - as would he iuiiinal intinsity of thi, signal lamn!) to be 2.5011
expected frn.; Cquation (41. tOIviouusly, the maxi- caindles.
nium angular size of target for which equat:on 41

is valid is indicatedl by the pioint at which the curves ". VISIBILITY THROUGH BINOCULARS
in Figure 35 of Chapter 3 depart from a straight
line. Table I has been obtained by inslwetion of a The ditanee at whicl. a slaxcifLed target is hini-
largc-scale plot of that figure. nally visible through perfect binoculars euili he

TA.LE I found from the nomographic visibility charts by
,multiplying the area of the target by the square of

.Adaptalion brilhint.s .zixunlloinanmnsrsixr the magnifying pi.wer of tlie binoculars befor' en-
(fUot-laniberts) (rinn art) tering the data tin the chart. F,:r example, supp;oye
..... .. .. .. . . ...... t a pair of perfect 7-1..wrr glasses is used by tile .h.

1.000 ý9"7 server in the example of ?*ction 4.3. Since the area100 O.1m
10 0.780 of the target is IM) square feet, the area used in
I ODl entering the chart is 4,900 -quare feet and the re-

10" 1J0 'sulting liminal target distance is 22,60 yards. The
10-8 322
10"1 0.68 liminal target distance for the unaided eve was
10' RAi shown in Section 4.3 to I. 1.O000 yardt. It will be
1O" 2.0 noted that, although 7-power glasses were used. the

limninal target distance was increasedt by but a foe.r
Froni this table, the range Iwyond which equation of 2. (Only when the miieteorological range is inilhi'e

14) applies to a searchlight of area A can lwim found de itprfeet hinoculars having a iignifying li'wti .11
by solving equation I. F-or example. on a night imnnit objects to Iw seen .M! times as far as they
when the sky brightness is 10- fout-lamliert, a sig- can he st-en by the naked evye.'5

nal light having an area of I s:quare foaot vay lie The fortegoming dislussion applie, to p'rlerl lbinc
considered as a poiint source beyond tidays, by which isi meant an instrument who,, oi,,y

12931"'1effect is to increase tile apalmrent angular size of tlhe
X- I= 6 194 yards, target. Actually, even the lx-.,t binoculars fall some-

what short ,Nf the ideal, so1 that the lilmiinal larlet,
liatanee predlicted by means of the visibility charts

". A Nomopaphie Visibility Chart should be considerel as a limiting valdu, 'lever ex.
for SlgnIal i.ghta eceded hut often altitrothiel by oibservers twin. rvmil

Figotv 28 is ai visibility chart for pred limb the hiniwular.
range at which signal lamps or other loint soures
will he liminally viihble. rhe chart is similar to the 4.0 THE VISIBILITY OF NONUNIFORM
forp(t ,, viibility charts in title volume., Ptcl TARGETS
that the canu-ut scale tina, been replacel by a scale
of( intensity. Each curve represents a decimal value A ship or a plane is usually seen ai a nonunif.r-m
If adaptation brightnt,'s. targeto,Ieur 0. it. 'om;iplcx three-uiti..ial

A. an example of a uwe of this chart, let it be shape. Fven if tlh target is painted unifonuly. il-
required to deteraiine the intensity of a signal hu mp hmnination differences produre a Fallrn otf hilgh-
liminally visible at 10.0(0 ).ii,, tin it frogy night lights aind shadows. AlthiiuutL *,ion''r..hhidin..

wlwn the sky briglhmtnet is 10' fiat-laoilert anm the amr-,'. its, emilinh ' tm, let,, *1
',t iternAl contrast

nii'eorlogieal ranei. 36000 yarul,. Place a tstraight- is' tw pattern, it is ,,chioan lirni.ibhh tIo cnlwnsam,.
edglet aerowo flit- char: so that it connects. 5.DWJ yardst 4illy for the ,liffen..rr,; it ilhniainmti.n The dip-
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130 THE VISIBILIT' OF NAVAL TARGETS

visible can oc preli.lted iIt-l. ouaak-raphic visibility on this reslIt are probably unwarranted, but the
charts only if an effective value (if inherent Pontras.t cxpc.'rimct pro % ed tLaiL, ft'r the cruiser miodel tested,
can be found and only if this value is nearly inde- the effective inherent contrast should be taken ax
pendent of liminal target distance, equal to th. inhrre't in!erated contrast or unity,

Tw( approaches were mnade to this prohe (I ,';;er is greater. It is probable thant this rule

Studies were begun by the Tiffany Foundation in- appajlies to most naval targets under most circum-
tended to disclose the basic principles gi-verning the stances of observation. However, in the case of skill-
relation between the size, siape, and arightness of fully camnouflaged taigets viewed under the most
the components of a pattern and its effective con- favorable circumstances, the minirntam value of
trast. (2) The vi.ibilily oaf a photographic model tof effective inherent contrast may be- substantially
a cruiser (Figure 29) was coaaparel with !:h! visi- than unity. Experi)aents with mint els of all typei of
bility of a uniform target of equal projected area. naval targets should he conducted in a visibility
Neither of these experiments was completed, but the theater, in order to determine for each the tmininum
fragmentary ret.ults suggest certain prattical rules value of effective inherent contrast.
which will be summarised in thla following sections.

The Visibility of Naval Targets in

Foggy Weather

It rentain* tt. be alvtennined whether or not the
Seffective inherent contrast of a target having zero

inheeent integrated contrast is independent of limi-
r.al target li-itance. The eCxperinant described in tlae

prreceding ,ection tested only the clear-weather case.
HAd timtte Icrinitted bWore the expiration of the
Tiffany ctontract, the experiment would have been

Fiat-a a. 'hat toranlah ut,t 2tiolo mowlet o( a entiowv. repeated using a series of photoraplhici nodels hav-
ing successively lower contrasts, and the liminal

*"" The Visibility of Naval Targets in ttargt distances so obtained would have Len com.

Clear Weather parett with liminal target distanets predieted |)y thi
nomnograplhie visibility charts using a fixed vi'.,u

Nearly all naval targeto present pItterns clarae- tunityl of effective inherent eontrait. It is reeorn.

terited lby high, inherent, internal ctntrast.. Under imended that ouch a*a experiment Ie performed and,
most situations their inherent integrated contrasts if agreemen; is found, no slprial corrections are
a-e also high. In very clear atether such a target necessary when the nom graphic visibility charts are
subtends but a tmall angle when it is litninally vis- used to aretiict the visibility of naval targets in
ible. In thin can, the liminal target distance can he fnglV weather.
found from the noatagraldie visibility rhart, hy
uwing the inherent integrated et ntramt as In,# value
(if effective inherent contrast.

Under certain eircumstance. of lighting and ohb. It was shtwn in (hrlpter 3 that the equivalent
st,,atiun, the inherent integrated eontrast may all. arhronaatie cmntrast W(A. of eveta the natst garish
ploach uro. When this occurs., the effective inlarent color contrast huhmi exrenedo OS. anti thrt the re-
contrast must have wame value substantially greater sulhant equivalent ahromattie contlrýt itfma of a
than sero, inamottlh as zero effective ontrast im- eulhr contrmst o,,aibi•.,l xith a hoigiust.,, rnltrtoat
plies that the target is invisible regardless oaf how It 01 is given by tsguatioi I I of Chapter 2.
eldo it may be. During the Tiffany exwerinwrits it V, = r", + Ce I'tl,
wan found that when the ihnlaeat integratul ed-.
trat of the erulair model was Bero, it was I'minally A. hown in .Seetion 4.9.1. the effective inherent
visible at the same listaataaer a!- a uniharsma taage't of :4,ntrxtt of a typical naval target is usually unity or
the sanme projected area having an inherent contrast greater becaus of the pattern larnirl hy the high-

CONFIDENTI kL



THE MEASUREMENT OF CONTRAST 131

aa(le(l, the ertective in]aerent eormtrast is increased Atilcs-Crawford effect, 4' their restits are i -ually
iby only 12 per cent: nuffieiently rehabk, f:r 'c in yi:.ihikitv calr-:lations.

A convenielnt Maxwellian-type photonieter can
S--- ( --0.502)% - 1.12. be produced by fastening a short-focus photographic

It will be cen from the nnmiographic visibility ohjective (f =2 indies) to the fralt cnd i uf tle
charts that this increase in contrast prodhuces only a drawtube of a Lu,-kiesh-Taylor brightnc~s i:ictcr."I
small change in liminal target distance. For exam- The quality af the photometric field can be improvedSple, on a (lay when tlhe mieteorological range is 20 by cementing 9 tiny positive Ienn. to the fr,)nt (inner)
miles, a target havitig an area ot 100 square feet and ait.l of the ocular tube.

* a contra4t of 1.00 is liiina!ýy visible at 14,000 \.enit a Maxwellian view photomett.r is used for
A similar nr~et ir ving . eontraet of 1.12 is the determination (f thle integrated caentrast of a

liminally visible at 14,600 yards. shill or plane, allowance imust, be nma(le for the fact
Ships anti planes are 4eldom painted highly chro- that the target does not fill the field of view of the

* matie colors. Ordinarily the maximum color con- photometer precisely. One nmcthiol for making such
* trast encountered in time of war is repivsented by allowanets will be described in the next section.

a gray ship seen against A sky-blue background or
by the reverse, a blue ship seen against a gray hock- ". An Integrating Contrast Photometer
ground. Figures 39 and 40, Chapter 3, show that in for the Study ot Models
neither case doe-, t. e equivalent achromatic con-
trast exceed 0.12. The correlaonding increase in ef- A re(ording photoelectric photometem for study-
fective inherent contrast i4 only 0.7 per cent: in;t tl:e integrated contriot of motlel shipt anti mnodel

-plane" was huilt and ue~d by the Tiffany Founda-
re = (1.0W + 0.122)% = 1.007. tion to imicasure motel•. of sulbmarines supplied by

The effect on the liminal target distance of ms small tihe Bureaui of Shilp and mntdels of aircraft supplied
an increase in contrast is negligible. Ordinarily, the by the Bureau tif Aeronautics." Thereafter, the in-
color of a naral teargt dos& not alert th.e distance strument wat mioved to tihe V. F. Naval Air Station
at which It is liinailly risible. This statement has it Patuxent River, Maryland, where it is in use by
no bearing upon the notieeaility of a readily visible Navy personnel.
target. Ciomltaarativ, studies itf the integrate.; cmntrast of

different eamouflage designs can be made very
* .t' THE MEASUREMENT OF CONTRAST quickly with this instrument, the polar curve" of

integratrd contrast drawn ly tile photometer indi-
* The effective inherent esmatrst 4f ms hip or A plane eating the directimans in which the target is least

liema ben shown to be e.jual to thr inherent intv. likely to lie visible.
* Igrated contrast uf the target until this quantity

falls bhk w some minimum value which depends Txg Hion HiLL Pmoijr

upon the nature of the tarr.t and the lighting con. Ito inle- r tna provide the pahotometer with an unob.
udition. It io necessary, therefore, to provide meslo struetel view I:f the horison,'tb, Tiffany Foundatitn,
for measuring the integrated contast of a target and orettetl a Wont tower atop High Hill, Somth Hunt.
for specifying the nature tt the lig'ating conditisin. ingtaln, 1-tmg Island. This site only a short distance

from the Tiffany estate, I6 the highest point on
'' Maxwelihan View Photom eter I.,g Island. The tower, shown in Filure 30,

Srlevateal the apparatul 311ave the tree tops. The
Cleak Maxwell proposed a ptohtuetawr in whic;i 1etitiiti-ter was nolotnteo, ul t"• rollf of the inek.tlur.

a a lenIs is used to form an image of tie target on the which housed tile reornling apiparatu., at the tolp of
pupil of the ibieerver's eye. The lent then appears the towmsr.
uniformly bright; it# brightness, apart from light Figure 31 showo, tihe photonaet r a#•,,iJialy I. ,'ie it
Iossei in the. lens itself, equalv the Integrated bright. was oamn.. '! in he tower. The n,,tirl r i" mounted
wnes of the targel.. Mot visual pholonaeters can he on the n.,ter end of an 5-fot arm E. designe to be

modified fur use as Maxwellian view devices. Al. rotatdl by tile vertica slhaft F. Two identical phiot.
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The jaategrating tuntrast pliat;ianeter can also) he A .jaimpl-, rugged conatrast 1,lmtoaimeter for tield

used to determinne tile retieetarics' raquired if a uni- ( W -mvntruvtv-d 1; thw E a. aaIum .Lk .'

(--~a ;1~pr perpenidicuiat 'm) the lint! of sight ait pany u~nder ( 'tntract I )E~s;-10713 (Figure 36P. The

the ,aadel is to have a contrast agitinst thle sky equal im-trumaafat vtkm~i?4t~af :a gray pl~t.:fir :v pi~cgr',j
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A COWITEMPLATED HlANDB!OOK OF VISIBILIflt ~

I, t o hw. 1 wvr w~'jtl,.t e xpeKrilaeatt
'"-.'' .a * aiiit lw.tavitaa itvaiabal!'' ill timae f~jr tht m.anatl

sc'ripat tot lovi.ajdti

'nt hamli:oaatk iii visibialityv, ," talaniaaa, wiuiali
hav .t ~ beena Iimaiat'. to Ih v ~~isil iility vaif navtal tatrgets
& . 'aa ho rizaiftat pat atlas oafsigi.t . It woul '0111Taavaran
tzaia.'.. jin conital, foarma. ;aiacl of tiat- iniarmaatti!.- to
Its- f~iaanl in this Omlatter. tiigether will, nomig.'rapht.ia
visi!tility rlpaaar foir -ircaahar taegvt, fFigiarr 2
SAiraiiagta IM Tat'hu p rinvilial WatuI arv, !aettv~j %t an

ailtt aOvil (ti m- za latrge nhaaimi 'r itl " i akf 'Nata *iu,

Ilvia atnttiraat"r"ltl s'rtuIiiat .aa p all ir am 111.1"tr 'tk.
jwttali tin thor ntuttut --f tlt. Ilichlasji com~ittottt. fairt
titret' atvra~tita' the laitle sit Ngff Iittiths; insi ,ltail.
n*-'s. 11wi tat-w w;alt'I aa*tl ,aaela- of the hiudthing.
rainsimttaatr "* raok'alit moht-noavaia. It .%. toy tIrfinittt.n.
the. ratit of ath lv itlim StIa~ tautott a %Vrfirml .toturfr
fatrtng 1he in .totp he bt ~Itittlitatais" .4 at vrrtacal .11r.
filee famaing aswray frwi, the sun. The .un-ritts.. varin-
fnana a~h1iv sin a koii'-simt,,i .it-,fro-t slay lo t) Jfor
oisn- tWar Pnliwatr aor "am"t its raivr %vat-ay-,

Fiorew 38 vlaw~ wo amis( wit-male Ijwam of lotn-mtio,
mmrt-n whirst- vam Istsilt -it Ita'sIM." An t-~wk-r nyital
l.1 thin 4041"14au0tscttl u. m:.i.Iy the ~'Cigna) Faaursllm.
twin in -%vatjtaawtiot with tla int"Vat~tift nnitttlP

Ol'Hnnw-tai lto NO hIll, the OhW k.1 tiwv ,uIfir
Eufrr" tklely-ta "to n twi the vahor stf., rutV#ý.-

4.at A CAINTE3PLATED NANDUWIM. *40- .. s_ .1 jm . . - ... a

t* VISMISIL T .1. ý - ' "'t -,

At The -u'malwi ad Iits 'aar.,rh ona twaa ajamhijity 4t IthsairilrvcI bay 4.vrtrI , of 1~4-01'%7111 muftl lkow.

tanlirb. O.rtlio 103 was ma.rul hy liar N'mvay toa pI--r upon psrW'at jnIv rua. 4%talet'-ui Ivy Nary toamm

pa" * uhalbnmk of viiaabibly ssmilaIba for uwr turwAm 4mi a ww rjv4mnm .. a,1praI to( slumaiam fla
aPPMOM&aa ea!t~htkW by anaatwpwiahm ptrommmie. ruusalcawuIwkh- I*p roahwada.I volvoltaisti a Ytal ha%-*
Cuawtifrrble lhaaaabl iasie n g t. the11 pfurgationta yo" imotLinaten Ivr .p-.'iaI nhatot @04a labiam. do-
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VISIBILITY UNDER OPERATIONAL CONDITIONS

-tki ,tli mn I [WI LI LU~ Rt a iti Vi i nia10b. k1A.' i JUi 6sh1loM.s A Iinthutr example oitilt ckharts p! anniei Isr 1. 1i L

an examiple (if one of tile echarts pi~cliared for t he hnanidbook of visibility is show minj Figure 40. 9'n
innnadbook. TJ'i, nomoa graph indiviat es, for in% he~ igh t pniledi from in a a pub lishied by tile staff of tile U. S.
of the observer above tine sea, thne height of target Weather Bien, 2 'this fyigure ijidicintes average
which will ý seen lin linv w ith the Ian rin in. Th is val; cs iif sk-y :right ness ats it funct ioinin f si ilinr alt i-
tini m mo .I nn i -i t r irgo nomtiin c n:ppri xi mi t io n. anti, t-OvI. It 1.4 intein-teni ZO %tlIk1 :1 iznifuk in selvetl ng
therefore value, obtaiinil with it take preet lence ,iv t.ppnrinpriate valuec of adatia~itioin !,righitness

nover thosk, obtained by mecans, of Boii 'itch's ru le.4 ill,, duriing sdfl rise or suinset, Mie ne tili, bright iCess
(if thne sky umin lirgit it' millionntold elhange mit itright-

.oo: mess within at few mninutes. Thne value of solar nalti-

1 - -v 0- tunic at amiy t inue, dlate, andi loe~a~ion c~i fie be m-
ii ~~~pnnte I fromin st andniri Inavigat ii n tables.

K) 7 -

Li - ~ -~ -- -- n~i~ VISIBILITY UNDFIR OPERATIONAL
(CONDITIONS

I - ~~In pred icting tilt, visibility -if nil al ta rg.'t s fri ii

I ~~thne visibilitv charts- conta~ined in th~is ei'wpter. itI n~m ~inoud ie I hi'brne in mmind fint the hatoi mrioreset tilt
- ~ ~ x Won'rimride oif exceillent obiservers unihn'r neatrly

VK ~ ~~~i.lu Wna nseri'ing cindi it ions. Beeamnsi inf fatigue. (ieis-
.t..., ci 'oinnfort, list rail tiin. anit ti( In' weeiQity fin;' mianeln,

-0 -4 0 4 6 i 6 i s l l XKt4 thaft, min monst instinines, actual

!'iitiann 40. l'Iini imi -annii nit( ski.. hriflntn mi it (line. gitiisntsawl senr;tine oaentls
IloiM Ofi ,nitnr n~inssirnn1 111i14 11`0111nn 114114 n olni inlllinuI1 tiian thiii n~ indhicaiteds by til lit' lnrts.4 On tit In' thlen

b 1i.itil nonnl tun' 1'. S. WI Ain lliintnin. Mnimlefil.in lindin. lthe niltmiiipsnie~re is4 soicint .nnnem tilt inhlnnnige.
qwv,'rrmn4 nintiv Inc allowed for I.% ivownnenu id lie %inline it( nu it-411 that tine- naitl *ina Isigh hi ranitt. onnly exVvdt4 1inV
ski, lnnghinn'i- It., :1 1f~i I)(ii Ini . ramnct infihifnteil I)V thne dcl-nrtn. Ptcwri * net ini tile

Fo-r torgets mnore diisant thann thne binrizii. use uA, of tilt- minnnintgrNjiVns is thle lest gnitith tin thle allow.
filie HIII-in t-lnan Ituit ioille ,VIv tem i nirk-t-i BI le t 1gi tt ' n!mnreo flint shinmimI he minus for ielignnmire frnno t ile

irarar andt tint' riglit-inanul twcle mnnrkn'.h Tinrojet D~ix- rinnnlitiinns 11min whidi ti lt- rharto or- ImRAsi. Undler
b' p-c, lIt the'e va-v nis( argn'ti whl,'I 'are. Im-it werln tilt- nine virrnunpittinle nc' hsinmtlil 6 e v'ipisiniit chairts von.
ohserm atrin tilt liiwIirizion. ows f nn i 14ft -liii1 innitnin.jvin n wtwin na ;ii 66 chin ilrl it ti-il litse tin 0. 1iV tlt-th ablnifi ,

nmeale itarkted lirifAik to/ 7rycl ml initine let-.hannn o( nvitnimi~is tint "- objeclotsinn tile griunmnl. Thi's lininb-
ornle nnarkirml Tr~rin I !)nnlntnrr. It-lin is, inanlt w;ith in 1inc fmihloiniang ehnawintcr

CON~FIDENTI AL



VISIBILITY FROMA AIRCHA Fl

5.1 ~ '~~ ,'... Froa).' .at tteprcsentutton. Figure 4 i~lliitrattps

!low the dliscontinuity in ineteorolovical range callT HE stimi'mM contrast required to make !in object be represented oin Figure 3. For simplicity, Figure 4
.)n the ground visible friiii the itir c-an boe pre- shouws vnly ',the curve for 6 = 25 degrees in Figure

dicted by iiwttiod:, sjimilurit)1 thios, p~resentedI ill th' 3. Let it Ile asilumcd thak' the tipper boundary of die
preceding chapter. Ilowever, nle'g any shant peth, ground haze is ut an ritit.~de of 5,'KJO feet and that
the changes of atinosp1 'wric c, aditions with altitude tho mieteorilogical -ang-e isl five tin em gretder above
must heý taken into account. This may hie accoi- the lbound~iry than below it. beginning at the point
plhshed by means of the noiuographic vi,,iiility correspionding to an altitude of 5,000 feet, a new
charts hl'mmented in this chapter, curve has been drawn laiming five tiffles the slope ol

the original curve. The rvlatior. between 17 and R
91t STRATIFICATiON OF THE I,; then represented lby the accentuated curve; it

ATMOSHEREfolloiws the nornuil curve up to altitude .5.000 feet
ATMOSHEREand the steeper curve thereafter.

Airmt'n vi.ew .he earth along islant piathis through- Diff ust, Boundaries. If the bomndary of the ground
otn,. which the scattering and absorbing particles haze is gradual rather than sharp, the accentuatol
vamry ia numlber tind kind. The idleziiied c.1tse of it curve in Figure 4 maiy be roun-led off to avoid the
I l it( kgenei Pus atinoti-Ahere exhibiting regular. con. amlrtipt change in slope.

tinuus traitiatin ws ulsuusedjam(Impte 2, The character and altitude (if the boundary can
wherein it was shown that the law of contrast atten- he observed eas4ily from a plant- climbing or tie-
uation aloing elant paths in such an optical standadrd weending through it. In many eases the pilot can
atstaphrre crould hie expriestil4 in a simnole form also ummake an estimate oif the rattio, of the meteoiro-
it-qwmttion 1 361, Chaapter 21 in lentims of the aptirai logtical range alleve and Weow the. 1xiundary. Pro-
slant range ft. This distance is related to the actual ficienry iii doesribing the stratification of (lhe atimm.-

clea rag.'P byemtatin ~9 ofCha~e 2 Fi. lhere is acquired very quickly by: any flyer. line#-
urro 1, 2. anti 3 an, plobns tif this equation for varioup rudrtnswasolo t- otwr tki

vahau" of( 0. the 'angle between the lie..' of sight and cation maty bse correlated with othce 'ameteorologmiemI
the horizointal. Valueis of true altitude are indicated condition. and experieree may enable %-ery eintelli.
by the family of dashed curves. Thmele figtures have gent gueweits ito be made by an obsierver on the
been called csptiral stlant-range' diagrams, ground. Statistical infornation eancerning the fre

quencry of occurrence of cormemnon stratifle-.tion eton-
alitiorts in a given locality can h.. accumulated in

9.11.1 Diatcnatinuouss Stratification the slame, maniner as other nenrlgaldata.

(IMvv HA-:' ctUmaSo
Tile rtlrvc,; in Figure-u 1. 2. and 3 apply onily when Experience in drawing cur-es nf modified slopir

no .,~.di lssimeilar strota are present. th'di- ion the optical slanit-rantt. diagram is quickly k.a-
narily. howaever. ths. air near the grou.nd contains quired with practice Freehand curves are ultually
dust. smokc, andtiw water particeks no, !oUnd at as Preelisto at are warranted by the retrmates of the
higher altillides. Tile conldiftion It frequently cailed ratio of mefetirtliqgme'al ranges wl'.hin the strata,
gratind hair. In celkr weather. this harm'r often has Often, straight litirs are su&lcett approitimations,
a *harply defines! upsper boutadary. above' which the for curves oef very great of very istall slot". An
atmiosphere conweens very little cebnden~d water. extample of the lattcl is the , filloo. Thmli ; 4-4. 4-t.u
Above the hooeaauady. tite merteuroloigiral tangel is chated I.Tk within whioh thme torteornioglcal range
often several tina. a.' rsat Cis, withmin list ground is very short. Usually. the losner boundary of the
half, clouid Iny-m' Is sharillv 'I-Anvd: it ran bse rrprlscnt, te

138 CI3NFH)F.NTIAl.
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OPTICAL SLANT IRANOC IYARDS)
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140 VISIBILITY FROM AIRCRAFT

OPTICAL SLANT RANqE (YARD01I
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STRA'TFICATION OF TIlE ATiOSPHERE 14!

OPTICAL SLANT RANGE IY,%RDS,
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142 ~VISIB11lITV FROM AIRCRAIflr

OPTICAL SLANT RANGE •YARDS'
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STRATIFICATIONt OF T~hF ATMOSPHERE 1s

OPTICAL SLANT RANGE (YARDSI
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144 V:SIBILITY FROM AIRCHAFI'

straighit line passing throtigh the point on the stanid- gramn. %% hien used in the manner diescribed in tolowx-
ard curve whichi corresjioTHIS to thle ailtitude cif the' ilng text, theCSe chii~ts enable the visibility oif tit 'gets

'ihng iFigur- iý. on the ground to Ie pred icted .
('dl ', Zero. Even when the veiling is at ground The assumea value of adapt~tiion brightness

level the nomograpluc' visibility charts co ntained in iI?~) is inc ijated at the lower righL cornet of
th is chapter can he ttsedi to preictjt t he visibi lity o'f eiich chart. The dhesc ri pt ive llrn suich as Full
objects itlong slavt paths. Hov.ever, it should be Danyl4igt or Quarter Ituon. are ints'ndeil tot serve
noted that the relation between R and R? within tite :is at rough guide in selecting the proper chaiot
haze blanket is given by' the pranted curves on tit( for solving at particular piobleit. In making the
opticalI slant -range diagram rat her tha lit0 y at hoi i- select ion, however, it sholdn ( be I orimp in imind t hat
zontith line. The slope of the curves oil lhic opt icaul tlie( l.'vel of brightness tot which atit aerial observ-r's

.'oio d iioroam does rot dependi upont th:' mayt- eyes atre adlaptedi depends upona the average refvect-
nitude of I/ic incteorol'igiecl ranye. Thle slope oIf alive of the terrain at %%hichi hie is. looking. Therefore,.
saud-s irawn sections is governed h%~ the( rottio of thle tilie descriptive phrases aire applicable oinly to vir-

meteorological ranges atbove and below tile stratum ýuiostances when the ýky-Vround ratio is appiroxi-
boundary. Whien fog extends to the ground,. the icately' unity, or when there is sufficient haze to
linmit at ion it i-.. poses oni limina I tairget d istance is make the apparent brightness of the earthi app rotach
taken initol ~ur-_t by t~t vi'a lue of meteoroldogical tht-equlibih riumt vatluce Section 2.3.41 I t h erwise, at

ranklg(,en .ct ' t i n thle ontoill aphies visibility charts chaiirt for at lower or higher v'al losIf B,, shtlt bnII e
bet( relict ito bet wev 17 anad IV' being ¶'xhtressed by tiset . Fsor examil e. (tin at very clear but overta ~t hay%

the I tiint mt csIcrveý tin I cth t oica I slant -ia'gs I ia- li-gu rc 7 sholtdh lie, useid to predict thle visiliilit* of

~~rttai. ~irmi r a r obh jects sin at large field o sf snsow, Ibut Figure
8 shout~ld Ibe usesd tts lirvslic't the visibility Of( Snell

3.3RA1ICMTHD objec-ts it) at verdhant hindseape for which the, sk%-
groutndl ratits is 10.

Tiect nes'pt sof t pt ivai slanit range coabl es nmos-
graph ict visibhil it y tIiarts (itf tlie( typ e diQIi cssud in PROECE iclTARGET~icw AREtA

S'ection 4.6.1 to he used topredicit thle visibility (if Bieftore lthe visibil~ity of tilobetolh ura.

iiject s alsong slaint patios. The immiocgma phis' dIatrt sIf t It ie erth run c lit bewes is'ete. its projected ar ict
d isiwi in Figure 19 is conot ruetes I trtitia coit rus' lmUst be slet-ermintiat. For exitmple. the pri jecttil oi t
",es hut isn equat ion (31, Ch'apter 4. This c~lunt it o is of it Mitt level surfase is simtply its t rut' at en muiiit-

oil the siane formt no equaionl 1ct361 , C hiapte'r 2. wihtit'i I diet I by. tltt' sinet if 9. Ill thit c'ti-c tf t argc' s that are
expresme the law O f cotitnt mat attIentuti ioci siong nott (lilt Ie lc.1' surfiiset. i ith projecte c's Ia vean t it- s
Atlat, pathN in termts (if tbe oipt istil slant range. Fig- 5 leterloiiies I grccp ivlkls Ity techniqii ues knotwni t-
tire' 19 can be tidaitecl Nor lisp inl predlicting v'isibihit%. tvery sdraftt~ia, l'The prsoectvil ireas~ sif existing

front airt raft by chianging th ltetgensd sit( the seatle sL rtn't oe, can bet s let eritine's frot pi rsoperly huts Is

maiirkedt '' Iimtinal Targe-t IDistai'ti tot reimil "'Values tlllei atritld philcttgralihis,
Of H.' f#rl cit i I'. Ih Atitophsrc'. leicctist' thIts at in 1.1 ictesi

tiltotg the( Ii mi ttr sigtht is s mtort ifitsil. tw hi'shnt L anut,

ViiiiyChert for Aeria Uo ninr exceetis the' oilitial sltant range'. TI sins'
~asaalay brflCI~tftore, thi' target ns'tttAIly s' v t i'otle si Pa niai 11r anogl t' t

A st-mirs sit( noinographi ticsisi ilit y clooiiirN for ti r- t hes otetbi'rvr's cys' tIta if it wi'meti ts lisit an Tc
s'tt1lair antd reti'c ngo lair a rgoo tist duii ht itti cvs'li.O Wrom t'int le Attinslpxii at sit he' user itt thet acnat tumarit'ii
its laalrat is n bright ncts itrt' Iimi'.scnteds inl Figtire IS~ El'ibilmilty c'l nirt .IoA.ts.- Isa tjse c .cas tlt tit tit, sti
thirnugh 30. Eachil of thin Itio'eity-fiv'e figua'esI Figtiarts ojilietil myjtilotm podsaerinm stiateifcilstit

6I I Irougth 3011 4,a sint sograpit, ibis cistlity' cliar tintl It wast ' It1,m'st stI lin *'te iton 4.8 ths lii tlit' intigiti f -

tin its rot vt'i lts a tr rmftt otguohir ttiirgs't s'14'1 by% On inIlr efi'T't sit hi~llt te i '- s'al a b it'iii, Iss' ' f. It%, .cc
si server w~lttast e tes tir' asblte I IIedt lilt' V111 Ins ; t .',, ý.J1 ins''rvasctý alitii' o f It rgt' eit hittct I into til. nitsl-
I iri10i14ns.a, imiho1 i'dt's lit th ltowsier rhiifb ectras r sffit, t hi' paihit 0-4ibililt Phclri i, s. inta larly tlli' 'Avitlls'na uti I'

ifitgramaa Tl'.4- -hligt- t, itneivgt Its wiltit'l iat'b eiant till- lap'' efii' st tf lie ti i ssi'''alonsg sllititht Inth. et'aa
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194 VISIBILITY FROM AIRCRAFT

a rr.'c,red ';w of targt arc. this limited sense, the rpectiogeograph may Ie c;,,-

The reduced or effective projected target area A sid;!rec to be an aerial spectrophotometer.

" related to the projected torget arca A by the ex- PRIoR ART
presF n: 

PrmA-
To previous investigations contributed to the

(R ,4  design of the epectrogeograph:
R 1/ 1. A four-lens aerial camera in whih various

A nomographic chart embodying thIs relation'is fite'rs were te.,ted for their effect in reducir.g haze
Aho in g rphic h r o y n ti i n aerial phot-ogrraphs is d c ,r ,,d:t. ir, a iinvaugrap,-

shown in 'Figure 31.inEa
on the theory ,cf plhtitogralihv. NYmnber 4. from the
Research Laboratories of the Eattinan Kodak Corn-

3.4 THE REFLECTANCE OF NATURAL pany. The title of this monograph is Aerial Haze
TERRAINS and Its Effect on Photography froin the Air.':,

Photograplh• %ere taken from the air wiIt this
Natural terrains forrm the background for most camera a* Rochester. New York, and at Langley

objects seen irom aloft.. ?rotective concealment has Field, Virginia, in 1918 and 1919. The method con-
been attained when, to enemy ryes, the object is in- sisted esentially in photographing three test objects
(listinguislhab.e from the Purromunding terrain The 1, black, a gray, anrl a white canvas, each 60x60
design ii ,ouffage by engineering methods must, feet, of known reflectanceI spread uiton level ground.
therefore, be based upon knowledge of-those optical Four lenses, each of 10-inch focal length. Aere I,,-
properties of natural teraiaas which deterwine the cated in a vingle lens board. The plate holder earried
appearance of the earth from aloft. The experiments four 4x5-inch plates. Provision was made in each
described in this section nrovile iwie of the re- i f•r" ....... ,; , fur the ingri'tiun of colti fllteiz. The

quired informgaion. camera thus served as an abridged photographic
wisetroitliotometer, since the filters chosen were

such as to divide the spectrum into shsrp intervals
"Th. Spee'oglee~pah of known limits. The red'lction of rontrast between

A epee'ally constructed speetrograph adapted for the images of the targets, when phuotographled on
aerial use was required for the study o! the optical various days. at various altitu, ee and with various
prOperties of Latural terrain$. Under the provisio degrees of haze. was determined by iut.:•tmom
of contract OEXsir-7l7. the FAutman Kodak Com- phottmet.y,

pany undertook "the design awl eonitruetion of an 2. An aerial spectrograph was employed for a
instrument and the development of technlquct for similar purpose by R. Sehimpf and C. Awhenbren-
its use it measuring the quantity and spietral qual. ner in 1g4 and 1•30. Their iuvoetiption wa# de.

sty of radiant energy from nattu. '1 daytime toures seaibed in the citshNjt fur' angteumndte Pho.s-
reaching an aerophlne during flight." The instru- gjropA.." Vol. II, pp. 41-81 (O1940. The slectrio-
meat I ee Figure 4. Chapter Ii wa called a aprrtro- graph consisted of a direct-vipion Amiei prisi) hc

g'ofrupA at the outset Ol the i"T111a11. wi,-n it wa tweI collimator and objective lenses. A collector
thought that it would embody the principle of the lens wal, placed directly below the sp~etrosraph
well-known ,li.etroheliograph. The name was re- lit and an image of the ground was focused on the

rained as a co'1.' word ftr otum is. ,...llsifIl r.,rm..- priom (Figure 320. A -ep wedg* was placed in rin-
p41ldenee after the opretnehelkitraph principle had tact with the alit 4o that the speetriai0 was divided

heen abandoned." into sevea intensity bands for calibration purpol .
The .petrnigiagoarp 6 es• ttially a pIhtiuWonhir The eVXAjUt' tun, r:a. standardise d at 4 meontl.

opectriwrkadim,,er capable of measuring the spectral with the result *hat the image of a lung strip of ter-

distribution of radiant energy trachiog an airplante rain st'tc across the prplm daring the rexnoure.
frum the groMnd or froin the sky. Tet npctrtrd re- The spectrogram oaAlsianea with- ,.. ,rr.0t.,klnt

vetanee of natural teraine can he determineg hy . ; co ure. thitt of the average i~hnmiaton from
romrpa rion of the energy received fnio any terrain a very larne area. Neutml-dwtity filter -w %er
with that recevev from, Irmy paels of smeral in f1nal of the colletor leis to reUtum ll lxptwfu

COWIDM.nTAI.
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196 VISIBILITY FROM AIRCRAFT

was IinuunttŽ. d!irectiv on the' floor beards of the air--
plane, -,o that in normal straight flight the exposure
was vertically downward.

Threr terrains (if typical nature and sufflicent ex-

danse and uniftrwiity were selected it the vicinity
of Berlin, namely. a mcadow, a forest, and a lake.
Immediately prior to each flight, a comparison-
reflecting surface lying horizontally on the runway

z"aIt.: 32- S*.ri i' andi Aheifisrennovr terial p.je-
trolriiph.

was photographedo from f. height of 2.5 meters. The
,everal terrains were then plittogrulelil dfrnii alti-
tudes of 100. 1,000, andi 2,000 iieterls. The spectral

refleetances of the terra~nis were then dedlueeJ fromli
tile densities of the sletrogriinis of the comriari.,,in
uirface and the terrains.

STRIP-CAMgaA PrInCIPI.r
The spertrogeogaiph hadl its ineelthion when an

instruimuent mioiledril on the prileiwle of the slpretri.
heligrapilih wis coneiveli. In the first conception
Isee Figure 331, an ihijcetive Irlens wias to rin an
Italle III the Mriltlnd tin the slit of a swectrograplh.
A. a stelretcl wavelentlh in the fiscal plane if( the

lspectrographi, a second slit was to he lohated in friot
of ai movinhg strip lft' film. 'Inc rate of InIuvewent of
this Hill wasi ts I)- syncl"rmniiel with tle rato of
Illiem Vc e of llv iloifik ite of tlek afouinld, ou t1a41 a Coll-
tinullu sitrill phtuograllh of the ground would he
lnruiured by light of Sulbtantially a singhle wave.
bl',filel m actiainn 4u tile slit in tIle foral plant,
vid hst ln atuhdjt*slAh. With aif instrument if( this
k-nd. earh wavelength regitth would iurlui, a se•pa-
rate flighlt ovtvr the targMt. S4inee daylight rhanige,
eiontinually. there iolid be no assiuranre that tio
rmults for the several wavelenhithi., reorded dur-
ini Airwueiv' lainsaoge Over the terra l, t.re Cliffs-
parahile.

Such an instrunwnt miglht I-e Usl4ul (fr .Atudies

i- hI only 0h1C wAe .%',engnth 7tegilon need Is% en- Vitivae s. 3, % inlis-.i llv .% set .i Iwezmermm!41.

CE1N F!IfI".NTI Ad.
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THE REFLECTANCE OF NATURAL TERRAINS 197

flage. hut ext 'rit-tev with aerial strip caieras does and ;ntroduce errors into the ilentith 'ion of tile
not encourage the use of this inithtid for photo- portion of tile image arla vzktd.
graphic photometry, which imlposes tit niost svver,"' I[, the tirst attempt to, design a built-in iivntifica-
requirenments ft' unife rmity and reproducibility of tion camera, it mirror was .placed in the spectro-
expi.s•.re. ('onsetuently, an aIternative to tilth :'trip- get igrapl i to reflect the light onto the identification
'.ainera principle was sought. camera. This mirror was to be hing d anti the ,.an
| IN E ST.BILIZAiO. BY OPVTICAL .N.:AXA was to rotate it automatically out of the axis of tieI I A Z o 'slectrogeograph, preliminary to the spectruni INaly-

I'vlih'action in a thiek, rotating glass plate has sis. Because of tih noteeilaiiicalI difivulties of moving
ihticvl used in high-speed motion picture photo graphy this largo, nirrtr rapidly without causing vibration4

I hy sytielhroniing, utiring a suffihiont exl•ostie time, which w4111hl dlisturb the spertrogi"',gralili during the
Sle motion oif the reiract etl imange w'ith' fhoi oi" 11)1619 exposure, other typts of it lent ifieat itn were inves-
mit u, inutously t it hiigi jcee. "n, tonverse of this tigated.

principlet wa;s tinally applied in tlie spectrtogreogra il. A -tationary inirro, was uinally used i tile spec-
'I'm refiaction inl Cie glass hblok prditces a ,Is- t r,,gemgraplh. This arrangement utilizes the fact that
plhutnment equal and opposite tt thlie rate of motitio tihe airplane is moving at a reiatively constant speed

; of thlie image tif flt, grmind in tilth focal Plane elf all tiwar I tihe selected target. Altuigh the i•dntitfia-
aerial camner'a oli. e,,t V''. In this way tile imn..gt is tin camera and tiet, spectrrographdi slit occupy dif.
! hehl stationary v omil tile slit of the spectrogeograpli ferent lortion- o.f fit' ft caiil plaie of the iojective,
during u'i exposure time three or ftour times its grcat it imi togralh oif tile target which i:: sthlc.oeq ntly
ias wo hi he obtaincd ir it strip "Iuntre" witll tilt' analyzed hy time siectrograph is obltaiiie, I by syn-
S Salut, slit widthi. The filnl i. statiotnary during the tlirIttoising tilt, tim~l,' lap.e brtweenl liet. idlentification
'xlxio-re.11 no slit is used in tflle fot'al plane of tilte and slitetrunt expl slkres with tilhe ttle of transit of

s,.'cii rogritlih. aImII! a mlllplete s leCtroglram of a i Irip tilt, entsswire in tlit, sight
tif tilti inmage is ohtainted in a single eximisitre. "re sleftrgt'tgrog lt ih a 't1mn tieaIly takes twt

""he twI i principal prtilileti i in tconnectit wit'l wi identificathit pictures fur each spectrigrani, 011nv
tlhi• arrangemnent r tlie il synhr, nilail 'of ile tfit' f h-lihtures is taken tit a t ine hlien thiet se-
I hotmk with tili' ntivt'lent of tilt image forteile h leby irt target is certainly inkaged in the identification
tlheht'tit' lens anti lite ithentifihation tfti lt' sitrip camnerm, anti the tither is taken sitnttltaunt'u sly with
actually itnlyseil itilthe slwetrtigramn. L'vem if a tile thisning tit the slit .f tilt' slsetroigraith. These
slrtrilraimt were taken dturing each quarter rvvolu- idenmification picturtes tiverlap anti cal. Ihe au-4ebledl
fion 4 lit'e stahilizer Whok, transverse strips tit the as a eonmll.site picture. It is a simple matter tit Koo.
griilliln wtitlt I Inot' dIkt', I111i' wislith elf whiet wtahitl metric rcintrirtiin to identifv exactly tilth target
lo at least fwirv tlhe wittht tilt' ,Irils analylleti. arnlyatd. which aplwars ini lite romtitite picturer
It is. therefi•r'. ner|,vipary t- nim aii. well its it) 'vin. at a ilitmitin known in relation itt crssmitarks in flht
ihronihe flt' sjwlri•pesItratph. itemil itmitnliflratiin pielttlr FilMonre 341.1Tit- sll-.

ItInratll fit tlte farg1t' inlirntsltl in HaimI-i1 34 i.
lvaTn lt is itev,.ýarvIll i shown in Fiim, 36.

."n t deltnt itirtiisi,, laentr is ntnrtesa ry t,, iilt'niify

areUrtreiv flr loirtiin of fit- thlerrtin atalypedl liv I)AT•4'rto.• OF TI ,Ml t'
tilte oiwetnrisrnpl. Us'• lt a •sl-parale iheol1ifivatfiroi The. qlxvfIrtovelgrumph rcnsisi tof a ."-inch. I'i
eaerMa Wai tOlksitlevetl wwhen dlh sta-itmary-flhti aerial olmjtective h ans, an tlirpal tdevice' which ,,ldl!-
tylIN -f Slmi'rfrimgeuIral4dij 1 is eingl iesient'l. 'Mte lip"'s it trsiritt 4,f the iiehrp' set il' e slit of a t alittai
islntifleation ramnera rmlhl iot, osyitlirtinied eleflri- i,,'f'tli10h an itenltiiritti.tl rnamira. a"ntI i-tst

trallv with litle slorning, tittlit' ,,sertrnolrapih slit Sutrht ovrhtanist. Tile itae italshilize" is striven hy ani
an arrannt'nmwtnt wtoalti have eninisrnlly .implifl,.,l gomvernt-r,,ntrolll iottor gippla- 361.
flit rtinsstrurtiin anud u lswralin tf lthe Flmi'rt• l•t•i. nntil i is, eiUsletsl tI tle AtY' will. w it "tith lh,. Yn.
graphThl. Tir ifa wao rtoject'trl. h,,wevtr. lIseaat'p ritt clris I,', . esf tlit itmta anti stabilizer tirdlt is
mIlegeul imsftallalhtin hiitiltita Awtl l iv s ibr- v t. vnfld ntland flle de-iml targ'et o,1 '•tsl. Flectric rir-
li,,n id io Isn t lattilhit iltselkrh thit isaralleli,,it of i t.il,, which art ,tuirolh'tl rhietly hy INt f liltt niveh-

I 3I ID\i•I



198 VISIBILITY FROM AIRCRAFT

Finuit.an 34. (mlim~ ott idt 'un' itaivgat im

with Im in tar:M 'liaphilrugm, faor vurowat it of ximpuret A
gatlaataIkrit ala ia ritrui hag (h ha. iertuare is hivit'teon

tmt ftvlt righat ,idt-I tit till- viist lg I~m aa'ita It-il-it
tire. 4. Chlapite'r 1).

'rii,' tltit-aal sttikihiiavr tlaaitt, whioiaitadal.' tile'
mint (Ii'f thie groutult I t at imttltrv ttlmtn thit tet qvri-

I.'nIl-Iie -sli t din ug th elt'qt sarv, am,,t ni-. tif it githov
uiltick hanving l d aslncal planea paratidtel siarfiat ais lg-
ur eai rThis Workaak m. out ataatl sat tas !tv r.ntme tat
froint oft tile' ilK.Pirttraijo, Ia T l t. mia, ntio jn is itlatan t

It Xt's~ pafl I fit' tit le, le'ngth of tnth slit. W'heat Ithis
finlark is, iRutv'il tit tite' tiriplar spa'ral. tiht refrartivv
aiiispjt-irmt'tAt. tit' ravs pUt-Vttlg al tititiZlt it rompn-aI~leat
fnr Oilt' milltion tat 0i e 'taaniatt i, fill- arttnan int fll,

9 apf(Wal pla4ne tat fll- 24-nelt naerial uiijtrfixa' leno. Thew
alnvisionna. fiar atvio-'lra anniing the olso-vd taf raoi hiomn

14aaa 3. tru~'awrsaa rnatrsponshlt Ili Nt'u~t' 34. atit itis blocwk *.itaha ! eIt# veit1 14 tfi !too-.tv, ~ f tile
grounda faanaat'l by the Aqvlameta will heo oles,'nilred

* Uh~~aistit. Ut'ttflhl' flet, aalittt'na oa( tft'iieatfciat nlm'sanl.

* ~anti %lw'a'ttlila ratawlltaa antl anitinti, 1: , rtrnaasiwat #if TAhe Nim-Hroproaaga 'Piv :t-nr.,'rawi ;aroap-t- Fixn.
the faata afer a'rla a'~a,~ur. t.191, t'ncltf t oft it Oi 3 ihc'ltt., long. Caollimaatoru

I)pbrnt Saystem. The taptital oyottm i %hut ittft imi iiea 1-tl-~tim-rt I elt4'.rad oft W~ainch facal lonitlia andl

* ~~Filture 37. Thn' 24-inrla ablaertiveIlt les is iavialt'a 3-inth dilameter. antal n Wtooal. firna-ti.nt.Lr rcphlia

CO VDNII



THE REFLECANCE OF NATURAL TERRIAINS19

4-inch squalre' aren.
The fi hu is 1wd in t a' foca plan idW~ t he spec-

trogrupli in the filia maguzine of at K-24 itutomativ i

bb GRATING
-FILTER

FILM

rou-lx 6.I'lu ýftbh-I tel Weu(plov fenvoIh
OW tuuf nIS. Phu .wiuin ran, u Is-tfi .!nil prloq

aerwia aler til to~~miftlai our. tol' lilivtor"%itleo54

1,11h-sp-ri auttmiatic filut chgnsWs o. Thet t..caioplaur
phuttkr eitwaj in emgiotu iso thisi Mechanismi Iaa eua3 lmil ~I~..u.wl..rm 4qen
been r-movoi'tl anal the. olvecirtngshexuspurpar is emn- ur-wval-h

C:ONFIDENTIAL



2W0 VISIBILITY FROM AIRCRAFT___

40). 1) tile vertical. Col( oi l uct 1y, tie 41-1ifivi~a i ruioul

Thsvaiwe is openedl by it solenojid wh en the imaige w'iniiiri moust ph ota iira lylit Elie I a rget imagied te to he

is firt 1st ynchrttiii-l i'aI tile slit, remanins aospen as 4)wt'iographiic slit prior irto tilt- vulm stre it tile ;xc

long as, he imague is htci hI tutjonary oin the. sli t, :nI t ri igraioli. Tli.iier, 't o itvreviL? dlepiviiIs upion 111t.
cduses again b~efore tilt block itstates heyond tilt
extremie positione for -pichironizut ion. rte block is-
moeituited ini it met al *lioier .%-ilt It ii ertutres cul

01011cgiaOW O, "TIGN Do, OMAN

Uti~tb ( 'rte.. mo-;aI jisai, elf mabiuhijaar Italaak iutk
vyIinatrit.,i a lwaittian. ilk ro-6iI41n CIatoi %lir e misvnaii

iia 11i a )'AIC auislt oaitel Else larev Wigure 411. Th~e
rklinamling Istartiiij. sif t ilt-h ryhindi-er lirithtea lighti

frutanenvte'ring oir leavilli II, ha'ltlwk sit anglesi in 4-%.
ta -4.' al afiobtste f' 'r whirlsi aretimrle ot alIiilizatitin is, ilk.
taint~it. *rhiit .4iit-vanie si~nii onaleoe wiille ,A,,
16s*146iresi't ti lut ea tue w iin o ion t 1liii'. cv hinler arte its
Willti eaf tilt slit. ( .I oeni'tIsit.wn rly. list i-1t0ig t(t oflit-

Alk rlItma tof lit- evyintler aitualky riantreil tile ex..
lkwtln-l 1114 40hii Aan114nwrel ctilifiti lw,. exhiuatuetre
1,2 iai~u. iiit(ea Iilt-0earllervi.

Itfrsee~~alifiva0# Phelattsrtilsh.. lihen ifirat ion Isllaialit

Wtia~lell elf lten Itgriomil art- ninth,' by M-Ilee-tasm tif &

Iwurt~in sd tin- jiniesge oiantewi lay lhee toljective hets,
Mlit a pettereini h-24 antuanawitir rainsra. Tile espietwtir
'iftilt, fihilits I this raeewra io nonntnialled h.i thee fswat.

Itilueau 41utter 11t. brIt ko ai oltanihaniI 5art 4e tile nwchit.

11Wlaa. The i. lls i.. hlvt acrrnratorhv in thee (stala Islam-
lay Waing lerwsaasi RglIotba a dlear glaps plate thnenangt
which tile fsligt 11aist l*A.s. !Ipalmne. rrvow-A-A enruveatf

onp huesi laevr gemint preis ere till 61-ii ra~tahe' la .11 -J s t .si'.. 4 t: -4 -t14
V, -arks in liter 1eirltuen-. A W~raltcn Noe. 12 hiaze Kite', otiel at( likeu image in list (oral lelans. es ise 4im-

I's r.-wntceh aaitiu. tilt- (neget ottirtnei is( Airc jsnrvaiear' tnielleetl lay I1w esaew steni-lernvillstimn aet rts-r thlat

lehate dt this rmiiurrn. riaptilit, ther sg-Itr se4 ritsiitiusi. . ! 1;-, -1 *i:A- 
1.!, -ký

*1w ,h'iti,,tratism caiiwrei ldiittirmat isp a jsevil-om Tli-" ytit'fritnsml~liant agajw~ratite. is Islam 4s th, sighit

eaf tlw lmo'tn.Im allist elftlist sectlion itiusTAin amte eeraihti

.gwe~tn~rn li ht. niet. renlrai ray mttwiinu. in tile TAt- Nttikf. *lw .igtho Fiftoerv 421 is. Inilt aso an
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csrritd amrim the foral plane of the ~ghit in a framie the i~ight-wire remiians fixted on the image (if the
whieh travels at a speed prol)orti-mzal to the rate of xroumll. The uinotor rotates the block continually, but
rotwion of the staihiLzer block. When the erowsw~ire th c romsuire in the sight .ooves only whis, a citutch

* reiiamins co. cident with the imaict of a target, that is enitaged.
W'hens the targ~et selected for siwctral analysis aP-

pears in the stight and !oincides with~ tl'e croswirc
itt it-, iiiitmit position, the operator preemes a handle.

='ri Pe-wr.t %*g-a 11w %M111.. anti ., 'rwitr l.-

one t, *o A� ir~t juv ofili is( r -tatdlivir bh'k is

WsuaVrMWa"MjhIel~nl 110uti6, mt. intriVe~- 11-ih *1s Ils -gb. 41%is b ove ib-*lit. 11111. m'I.%041m 11W 01wl'lri..
wianiim lw-k m4 wrll ama tiw rowmmswiri'. ip aostinmm ilm~vt- Tirm. mna. isni mif iwr rvua.-wirr can 'me ':rivem lay
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over a 16:1 .eej r:Ti ,. . -! -rt,- 'weii Wlic iw turned to i
ablcs the c . t,.,.b.!i'd at position +1; .- ' ... fr.. te t.... .. f th.e
all altitudes bet'eon I,000 and 16,000 feet, pro- airplane into thi spectrograph Flit. Light from the
Nided tOe spectrogeoglaph is flown at a ground speed sky is brought to thit mirror by a periscope systenm
of 150 miles per hour. The image may be stabilized (Figure 44?, which is designed specifically for in-
at higher altitudes if Aie grouid spce. of the air- stallation in a B-17 Flying F,;rtres-.
plarL is increased. A flat, opai-glass cap is provided for the top of

The width of the spectroraph slit is ,lhan%,ed the periscope tubc. The lighlt transmitted by the
from, 0.05 mcli to 0.15 inch when the gear ratio i6 1wriscolpe irom this olma glass is rct'resentative of
changed from low to higi.. This is accolmplisi ed with the illumination, on a horizontal plane. Compuensa-
a lead screw whlich is coupled to the gear-.ihif- hlver tion for the selective absorption of thiis opal glass
(Figure 43). This arrangement partially colnllen- anud of the other optical elements of periscope
sates for the change of exposure time, which is must he mtc(Illlished by the calibration procc-

* directly proportional to the time of roltatmn of the dures.
stabilizer block. The use of the narrow slit for ihigh A pair of adjustable mIirrors is also tiaouisti'd in an
altituides also makes possible tie mnalysis (if a accessory which may Ib ;hw'ed on top( of the peri-
smaller area. T':e change (If p-tectral resolution cur- scopie (IFigure 451. The light from any regioll of the
responding to i0i6 change of sliý width is not ilpor- sky can bie analyzed by this mirror system by ori-
tant in ti,, analysis of the spectrally contimous eating it with respect to the direction (,. flight of the
energy distributions which are ombserved froir, air- airplane and by adjusting the mirrors to reflect light
craft, from various vertical angles into the periscopie.

FAST OVwIo MOTO

Il,'I4/UI( 43, l•'ptl~tw"'titr vi-i. uf cUtldiaal~ IN'lwctvt gi'nt '4~i( alnd i,.'d.iercr t• 'i',Itr'oJlhng ,'4.t width
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V.9-

oblique' Terrrslrial Mirror S'ystrao. A large ail. Iaite ilinvtl ' taivr lte. rumera, btltiti.Tht rinJnhuitt
juitiotib. mrimtr sovteit io lirtividtlt for tl invt'si. the ' ;wrim-tilot of tilt tirtgtira l t protrudec
gtatilrn to(ftile' 0jwrtral diio ril,uaisn oif 'uwrruv re. n~i~ tilt- nirpimn whett light ro vivedt frunt Rhosve
rcwcivi frontI fle gritilltil at obliqeut aingle,, Figur- itto Im- 1w ,.waotrtil.
461. TIIP, systemn can be ptarttl in front Wf lte Figurv 47 Pilows, the'~wtut.rIl intslt'ulk in
iiiijivviv lono uftlt' li~(te rinstrotnra~ls Will 11iit., It W flpmtttIa, pIsi M lite It-i?!' -9i miriskne(Am
amimrrr ovtrk lte o'lvetral tshtriblitaimn of the. en- 22961Il in whirlh it wilt Mown ol-rinit lilt- exilwrs-
erpv frisna tatrvis as far no' 6M elgrozrvv (nat. il, th'mento in Flitritdn n'&l (ahiftrnim. Tits- motptutnttnt
v, r~imal mt I-. ttnall'51'. Thew' ithfittr gnfit'e, tirte asnal it,, ant4ouninot frailw. Writht appgroa iia teaay 250
jwipentficalar to lilte tfirwttion isf ltea flighit oaf Ill% pountioi. 'frnit, a tui raintw. arr (t' ~e~l .~tar jtualahl~is-
airplant, s'o tisag flight poat). can Ise laial od 91-11 n iffAl*0 Wrhirls areho').l tilt antd to 0111111fe ,tnnu lenlc n outa-
ogwt'iPl !argt eart'a. investiptriti. "'1 B~ 17 RINaI rimlaclteo ti thr l''."pn

gig , It the. rear 4f lit. ra..wrai pit. Til'the mverii..
IltRTALLAnumW or Trilt Aevrm-racritxma.ri K%-sro~m!ha ill R got"Iffiel A-$ ling moiunt. I,. bnltrd

The s;rrgtg j'was, olvoiwttti to Ise flown in tito t Itilt' t.ja f tIlse franuoi. *fli. usmotnima iprn o shr-i'

it f-17 airenrat partly loor-rokupo of alivirt' frnuts iaitom stiendtelt tit- to inistsrow.n! i- Asfrt lowar., i,- .tkt
offiers that thstyloo of vairgulanr *'AA Ruler likety .14f dier tlug. all ionic tO ~I~'sj- thet righti F.Yot'rnun 8 suffl.
to be tavailtahle than any itilric tygw large cntaagh rient fom..'i vn ~iew. Tueha. I& list a-dditional aulvan-
to eotainu thoi. nstnaaaw;.t anti loooitly berttioc th' Inae of tnapamferrng oit kcasit isnt-third 4i tit- weighat
B-17 halt a reoutivable hatt'ut in tIlse loop otf Me ur. #wc e the in~titalalien Itilt flte R.wttric.turr. Thie nmroun.
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l1I/~~inv i o f~ the wtiglit ;if th si ect rogeogra~ph t#. 1!..

C ALIBRNATION ANDi *

True spvc roeograpdi is not aneasyistimr

tv use. 'echaiieal skil II f it high oir'er andi met i u -
bous attention to dletail tire required, nct only at
the tho (lif ofill, fligh t b ut hiier in th 1w abo rztory.

I s tta MR 4 Spielfiat'ita I l-o ta inidol"I din .rolP rit I'

,ei~teW o(~ I-illtf millUS"tl10.:11
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A mix-cuil phlutegraphir him wits rtiiuired 6p per-
mit the spectram to be photogro)lhed withmot serius

overeximsure or underexipoure at any wavelength E
between 4P') and 900 millim|-crons. After maly ex-
ripcr:nicnti, a double-coated fihin wis chose'n. Thim
consists ot an infrarcd-sensitive emulsion coated o1 g
A supersensitive panchromatic film. The siw,.tral /
sensitivity of this material is shown in Fig-ire 48.
Tits curve was determined froul exposures made in
the sp)ectrogeograph. The density-versus-exlto.uro I
gradient of this film is very different for the infra- *a e • *o ,o . te ,o •
red than for the visible liortion of the speetrum, ans sms.N ,,-
this fact comtiplicates selnsitontetry, es;wceially near Fw'uss.. 4, Neird srB~itiVitv Si dnouhlf-.oated. pan-
tthe extremc re nd (of the pitichrlminati sensitivitv. hrolmmtic. infrarfl film.

DI)RNITOWETER work I Figure 491, which is designed tit measutre the
Measurement of tht densitices of the nulmnerous densities of very small area, and to lhsate tile fihnll

calibration films and oi all of dhe aerial slpvetrumll very accurately in the mmasulrement Ihal)). Accurate
anlalyses relre.ret a formidable task. A photo- lohatitm) of the fillm is necessary so that the lairtion
electrip densitometer is providled to faeilitatt this of the film (orres1inmding to the selected target can

Viwowa 40 Othlvt~sv moAd pt*w-e smpl14
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206 NISIiBILITY FROM AIRCHAFT

tam . mlchan"u Istg ad wivir 0( .twtometey.

h" ileaiatlrt, with rrtaint,'v. anti ,, that O!a wav'e- f'oraed t'lt thie *1wrtrnfrn11a a virrulur w•d•e oIf

* lengths CtOM'jlnnding to the nwasured densities ran cot~nlinuously varying optical h*tiauity lcated di-
hIe assigned positively. The film is placed tin a ine- re'tly under dhe speetrtagram; a usir ,if ronelnerslc
rhanical stage which has independent rack and Ilses which refocus thi image of the crater it-
pinion m1ovement in vertical ani horizuntal dime- 918 photorell a cund crater-discharige lamnp wh.rh
tirns. This mecshanical otage also carries a glass throws a caimparison begm into the !phtileell; an
mattern which indicates wavelength anai slit pIsi. aaplifver; awl a nmotor which is rontrulled by thl
tia'ns by perpendicular lines, Itigurr 501. When, the output of the amplifier and rotates the optical
vertical retirle line, eorr"tpdingl to the desired wedge tor the balasning position tIFigure 511.
wavelentth, i6 coinridetnt with an indlicstor fixed to The arrter-di-shargi lamps are excited with W
the fase of the dmnsitowmter. the light haem paesi rcycle current an biased with subient d-c voltage
through ihc pthrtion of the lpeetrutraan expiLral by mo that they are nut "lttanguahed. 'l14' flux Inim
thal wavelingtih. The stage tamy then I* rackel thrse lamps flNutuate very newly sinu4idally; tht
verti'ally until the horiisamtml rtiw, line cere- fluctuatiws of the two lamps ane evrtly ,ut of
sladoha to the pliitiom of the target ton the slit is phae. The photocell is illuminated ith a cmbna-.
also over the fixed indictor. As own ao tlls pirlres tkm of thle light f(no the two lamp.. Wlra the op.
i, complete. the densily of the imaage .f is(e tare lial wedge is at the balne psitlai. the peaks
usc the desired Wavelengt is autimlatically indi- oil the 9lucwtiatsu. of !he pliautoell 1111uas14aaSuan
atesl by the densitometer sale. ungmatiag in am of the Iamps jus eumnp•nate for

"Thte dresItomeer iraista optrneltinily oi a unin the trusuicha of thw ilhimiat•l•n frm the metisl
crater-4l6ehaege lamp lcateld in a tutL abstve the lamlp. aN tile 40-eyek roapo:Int ,if I." 'bolao,-ll
spe!ttagram: a IS-mm. 020 •.A. microscope ish. crq. -' is iaminated. However, if tle wd . noI
jective hwraate in the bottim of the Lunp tutbe so eixtly at bala•e, the SuMcuaIes from ow oif the
that a redMued Inarog of the dileharge• enter is lamps predominate ad tihe msiltant 60-.ycle Rise-

CONFIDWNTIAL.
I
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ruive

haresv II. lfrbgmetw d.h taavn at deatrn ome.r.

tuoti ofi tlie phtocell rumrnt art, asmplified. "lh.i length rengt'. The i.kn.i.tuwtcler it .-alibretrtl tItv unti-
output of the amplifier poser* through the two rate dentities of Itholnogtrahie filirt (lUr l o, th.te
shading-cuoil of a BHartcr.Colman motor I Figure indiested by visual deawttometero, 1l.Wrevr, it can.
521 'nit phias of the fluctuatikns and therefcre the not be expected (t. 4djeMale vitual htstwittie for ma.
direction of the rotation if tlw motisr depen upon tleal which art appreciably diffirent from gray
which of the lamps io more strongly illuminatingl pholographir silver *cpewito in rither opectral or
the p1toto.ll. TlIw Wa.wi.rvto on. arrangred 00 that diffusing a h .'ruulsc,, i 1.. , ph.otographie dte-I-
the wrilge rotates in the direction which tilualise opera pruduee staind images of a character which

I the flux reaching the photocell fronu the tw.. htlam . would he meured incorrectly, hut uWe of thw d.lr
When the balance is attainvd, the motor istopo fo r eloper ard iroeodurm rcaweunnded in this rft 06
lack of WO-Myrle currmnt in the shilting-r-. Lrtl will 1wisdue'r i•nloit. Which ran he ,ismuarrc arre.
the den•ity of the oample is Indicates by tiw Iue.- rately with thelnihmwter deseribed.
liom of a densaity ,lcr markril alue the tins rif the The uvenitumter was shipped throughout thi,

.vge."'" country by ar an railrnod a lunetiwr- satiafa-
4 TIThe p•etis of the film mrsaured by this den- loruly and coniistently with o-y minoir aelpltwnats
t uitm.wter is a circle 0.08 inch in diamee. The pita, and topla•ements.

tesll *n.il~vity extends through the itiblh *Mand hi.
I mi ured ht 1.1 mirI,..0. with mWaatwe r 0.45 an .u MII, Data (n SA o p
03 mirons and with .A minimum are 0.4 mnirnp.

I te wUrlmh. . ofentru...l the ergMy r nawwurwvi by Two kinds f inf orsnattn bltalinas-hr with t4

the den-sit,,mter appears to Is- at absut 0.7 miroim. "ptlagt,.'utuh are uefui in tUe design of catuou.
"uthibugh thi rffsrtiirc ,r.i' -m-# r hr to fige Ibi ciLgmvin mwth.4. 42a.a nan-rrminn the
man. neon liow sc•atterfed over a wov wide wav.- optical propertkis of the atmosphete along slant

ICoNFIlDZITIAL
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TIHE REFLECTANCE OF NATURAL TEiRAINS ?'09

trrrain; ,,f pait,,d panels ,f Cclotex (Figure .53) ;was used
for this type of experiment during a .:cri,: •f flights

ATMOSPHERIIC DATA fr)i the airbase at urhldu., 1 Florida. On u day
Repeated attempts we'e made to obtain observi- when thir sky was ( ompletely fret from cloulds s81

tit.ns .sitible ,or testing the theory and assumptions that the grv sez.,Ie aun the surrounding countryside
underlying the optical slant-range diagram disuissed wed !ighite4l uniformly, the spectroge:tgraph was
mi Section 5.2. For a variety of reasons, such dtta pt wn a't eowtant altitude over the gray scale and
were never securel. Faulty calibration procedures lav'r :a vtriety of nearby' terruins. After dev'l'-.-

miu;t, the slectrogramus were imeasured with tile den-
sitonetcr de.seribed in Section 5.4.1. At :- -lected

Swa'vel'ngth, t0 e value of density vorres, .ndling tot
leach' st.p ol the gray scale was plotted against the

o known Alpectral reflectance of the panel IFigure 541,
and the rt-flectances of nearby terrains were read
directly frt.ii this cuirve. Thi; prIseess was rel.eated
tit many wavelengths throtughout the sp-ectroui. and

II 1111111 I IiII.

OF

itk

* s4,i8. Atill nIetih i .. c'*-.ucI,

uit" lt • rhoIiolnd. hwtlsa F1
ond.Or .mvrhanical failtre. oil the '-24 ranra .,- -
.,1"6I-ell .a trimuc1144iltir4in th1t flihlsta it, Florida u. "

and California. Thtw troublft werr ;ut•wquvntly *.L___. . I I Iý, ,
S ehimnltetil ant. allot very thobruglh itpativntsti . I 4

seve'ral flitghtiaa ww nlak at lvdftr'l. Maloihttit.bI. Wi4tit I m W

flrinugh tlhe rotmfley tOf .IR( *ttilon 16.1. ,lurint Fg n UK 11 Ti-l M lJlW .4 ,Isltk no i t
v i twai-Werk 1wriud. OIn CV tet t Ofn them flightui. tsir fI4Irt'sorsitn Puy wei~ r ol %rt4uath ASO isataltkw.

vwihility tver tht taqw tt wDo two jua Iflnt ro toablt Mon.
l,l.ts,,lurml eatilul be, iulta '.

fle resulting Ifwrtht•,61intttno aisrvies ' the let.
* IV.t.iL'TAXtV DATA ruin. were platted. Figore SS .hotwo a typiral rtltvr

TheI smplvxlt alf- inwt -rarate neiltawlhl flist , ti- btatdi in this ualmor. othr enamplift will I
itating the rk-enemwt- of a tenatial oabjil inie-Ihvio lsanl in Viftunr I aa.; 12 of I(*it) Relpimi .'L
ma dii ert ois'prlarm Of the light rn-,.-Vtd by the Iet. U64." 'I Itaeil r t.firl. Ronerl-e of NXadrm TewVisma.
rain with that nAertr•l by tath of a mift Of 1a1111- lrramita alt the .iktwaInml trtr amid , fwtmr 61d.
I.ritmtnal tray panaiv lk ru1 al laM id law savby-. witn lat udt taiml by the- TitTfa- r mnsitiai!:. in

The qltrl rlm ws . aci panel af tlW ray FIutisbl v,' 'alitmlnia; a cpy of tb, repa will be
prate can he 4k1tcaiadit in the laluawltry by mntiwe Itmosd ii. dte mk Arulm "saletvat to this vouanw.
,,4 a pirlrnpAolaetwishr. MW itas Of a I"-lws.iM AWYa1yua of soqtir of the
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210 VISIBILITY FROM AIRCRAFT

i~i Q~.. I...:A'~oivz rainint Wan itLudied wita t
An alternative procedure, invoh ng only iwo spectiogeograph in quest of data which Suhs', 1 Lently

panc , Kil i known reflectance, wa . .r.11, 5 , a In iideut, ibasis for improved methods of aerial

photographic reconnaissance for ocean shoals. This
I I work was undertaken at tne request of the Navy

following the landings at Tarawa. Shoal waters off
Dania, Florida, were specified by the Navy's liaison
officer to this research. Buoys lFigureq 56 anti 57)0!m-

01 I I I I I

uatgSw oftACSs

FIat-ti &,,, $1ielral o r•wetsnc of IIrr, field,

and in California for measeiring the rvllectanec o Ptt-as le. Pkitiag hooi. ,wmber 4. oi ns lanlwd .
naturM terrairs. (On the lrtitail grounds, only two Ten such butys wt- anchw 4 ot :ir twt•.h at Itno;.
known panel# are needed if the speetrogeographl is Florida,
calibrated independently.41 Teehniques for calibrat-
ing the ianrunent are disustied in detail in 08RD) wen, aitueheil at intervals along a line lprpendiru-
Repirt No. 5M,.13 and the data in all xeept Figures lar to lhe beech in ord~e to provide imwitive identifi-
I, 12 , ant l9 ,f 0 ( I) Itelort No. 6PW&I' 4werr ob.- cation of the waler ,depthso ,•%iompht of thie lhttoal
taimd in this manner. were rolleetett ftr sneeth.ut ric study. Twit

Tsatx I. Cobw of islmooml 41opa'l. (10t lltwm olan ., h iI illhl. mer, anjn•nttiaae rv.'mi 'et o '"

o.%s of k.,Dl•,, KI•,
CA R D .,v*uih ipnmty

(I) 02111 0o1"

4 I.,iWl oatrwa l Io 01)14 ONTS 0.40 No4t 3li
9 volhk-em tiviatift 0-10 4mll "it O51O1.9 400

10 T"I- Aid an boo, oll (1 •0 139 011 001 4M1 U 4.?Is Amlah Favise (I) $11Il oml 0o0 "is Ito
a~mla Wihl litle• vew.A36a (1) OlN4 Gin Oi mal its
14 mail (3) U4 10 4? 0?IN") 1ll Is?

II Mod 43) Goal on 430 . af Sl11011
14 U 0.01411 0=7 le1 41r0 tIt

I31 i.ulbtr o ruelam (I) i)em I m 6IN myE 13.
21 Sl o~nto &toy am. air sots 10.1UI 1a1,1 4.. 4 s W I 0 13 0211 UII 6 C.?

? £." ajut ONO a1o9 01t) 3 Gpm.1r

DA "Aale ,& (1) soft Sn IkSA M.4 4.1
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212 'VISIBILITY FROM AIRCRAFT

becach, and the spek-hdaeoigrtph was fltiwit over tlie
shoals. Figure 58 lIiowv the resulting spjetinoradio-
mretric eiirv(c.s."

Beciiii-w rolir-chiinges withI dep thI iare partialaly
i. ia,;ked lay iigut retteeLet t 1101 o l ift 'U iii 1 .n tilt
seai, the experiment wili relleal-A( with the s;tetri.

tel SM40.0(0?M 16'

*a I O $TPA&

400 too10

witching~ 01t ,wrlty 4tzp 4.000) feet, tim e thle
ithoaI vr~tle ti'.nlt I~itiuz. 'ltiwgulzi

ý,votgraph inoii iltttlt ill atKa$u i'teI 't lgrC
59 andi 60a . The reptulting tajwetrorniliouit-itrie euirver
nre Iitowna in Fliurti 61. vIitr relattion ii tween water

tharro Irimt tlite anar'.ei of Figurev, 58 Anti 61. hip Phouwii
in Fipnre 62. He-Ir 1114 I,. . zwA,, ~~

foli itw~at11. ~c~~Iga ,wcii. i IA~

P

*V w

the sit mai (rani l1w £I1.a1tafw ' ast tina I4tlt*i

It is. rlear frtie Fivmfr 11 sad 6It1 ptatct't *t
vamulttiono $4 fktalT.S1.e %itrep Ih to 'dh limit, to

ins 11r 4we'lrul trtina ftrmi5* W n its SM lltea.
, w6 ri ui!h,.u -W -in I ah.b twa,The fist. and tilt' cuntwliomsn serm me~rl knowun i., mG~ awet d. werri pb t m u4 ll d

alw Navy tlariatklu the .Are 4 the Oxwt.ina*tero Is V'.. r*-.m 111W .bWui. ad l%uwg. Flieti
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S techniques for photograiphrig ocean mhoals were im- the surface."~
proved as a result of thir ivuforanation. TzxTu3B-SiMuiLAT1NG PAINT

I Paint having a microicopically jagged gurfice
- I (Secdlon 1.3.5J) was developed byv the IntercbermicaI

CM ~Corporation under contract OEMsr-00, supervised
by Section 16.3I of NDRC. Notable surcei-A wato

achieved in preparing a paint which simulated the
texture 4%d gions chiaracti.ristics. of the wintertime

* 010deciduous furest, but attempt, th nake a corre-

IL3 -~ If

40*06b 104 Of b tt le Vk" Of 40 IX .4n Atao ap

I we'n from 11w ftmI been, the' slr% e-tltasteeade tat.

I tSTex~ture 4.
The oppetral e flrtianee- of a ioicbt fer n treel

diffef(ruifni that 4 leaf poirtly herau*e of the tinA-2>

and partly hetat - ofi the inter ~ieflhtit betwern
the In%**,. 716a. tihijtrated in Figure 03, whicht row"a 63, 14tMphate*PL etnrW rCoI shows the spetra s~e"uInne of a true as Meamure Wa a autAme# 1 . .aawe WO114 "hat tooe "Wt"

from aloft by the I- trpI "4" iph, amd the 0pectral 6V2 ~ - eh~q.aj
eftoo!anev to a'4 t as as'.'wnourd by a sl-etropho.

tomerter. Twmi cu. v. dkiFd heta'e tof the teovrr lartialy asarowful. Moreutn.e no Wits. yellow, ear
of t!,e tre. Iflvo pmDUII'I wpme fluntd Wlriele hav. the pr'aqm

V1t041-q !-14V rMI~in" t lk th ve" necsa a' iral and rhemlleal projwtti aMW of, quit pve-
ofuumulatlag the -.- t ~. t.*' .ral Ie'tture. Net, wseaner int stalght. Bepauso thij. devtlo at" aMe

t festeuned with rtilw -1 gurlok, i, re o-. :r .- . e w tl to ear tkfev Ci-"eaaladW "Me MIMIa-
S for this punnpt. ý telihkrb - 'ftpeo *lo a-t ae.'. r 11 rr, .* 'e

rhickewi (father. ý4 -v, rhijpu eV. and inast other psia *I~ - interhealAeel*g "Ik ?s St.ti ;I-. -411M
"rughW mtatulah be- empketyuue. Reemeuieh Je then, is kaown to hav~ ic. 6,ts de
c erly in the war 0-ib P'....veP Defeenat l'~oorert
OwwWi that the pet r~ipR tottratl Irprilirt of .9.4 f..60
tetutnafd etarfe- eaw ti %Ver Attle Uptmn the. 4W of
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214 VI;I4!ISll. FROM AIRCRAFT

when viewed up-sun. This is eaused iV"- difference in igure 3, Chapter 1, a cotipietc curve can Ibe
Sin gtoss or goniorejlc:vanre 1"twevn tie 'ai.,,uflage drawn in less than tive iniutes. Tiw- mlan fr;".nc oi
Sand the natural terrain this instrumtent was cast from patterns louaed by the

Research on the gloss characteristics of naturally Massaliusctts lnstitutet, 'la iin.iogy and is tha.;
and a. cfi~ially textured surfaces was conducted by identical with the fraune o- their goniophotoneter.
the Passive Defense Project before World War 1I. The pld tometric sycl.em is etsenially identical with
Thcse studies Fhowe, tl, ePharacteristi- differences that ef the densitometers describe. in Section.s 1.3.3
illustratetl by the curves in Figure 64 to he resionsi- and 5.4.1 of this volunie. Details .f the electrical awl
hie for the visibility of flat surfaces coated with, cn.- optical ssstem will he found ia OSRD iReport No.
venti.unas matte paint when viiwed up-sun. M656,R- a copy of which pliet.,a, in the u:.erofilin

supplement. It may 1e noted, lmwever, that. the
(,.nui(tOMETRY source spread was inadc i/.j dt,:rec in order to %iyno-

The instunmnt used by the Passive l)efonse late the geometry of sunlight. The sensitivity :f the
Project in its gloss tutidzm was the photoelectric instrumient rlptends upon the receiver spread. \%tfen
goniophotometer :n the Illuminating Enineenng this is made as great as is recoirinietalvd by the
Labo ratories of the lassachusetts Institute of Tech- Amuerican Society for T"sting Materiat, hew in-tru.

,uent is so snsitive that it refie tance of 0.001 rela-
tive to a periect miirroer can be inale fu~l-,u-ale on
"(ite revordting pailter. The instrument ",,;i then bal-

thw ance tot within less than I pW cent. This high !tens;-
L'e tivity i6 required in order ti mea.rsur the gvniore-

flvetane" of dark, tecx:ured surfaees. Sonie typical
oe ININVINC11curvesi inade by the rt-cordingt goniolihototneto'r are

Shown in Figures 65 and 6.
t(OlIqtPHvrOMETMV IwNiM TH& Ain

L- z eProvision has lx"en made for adapting the sweeuro.
geUlrMaph to Naino-spedertu•.lhutonetric measurements

V5.Ctvw t(wiflh•alirminel rI0't14 (flw% Ys, a ' ) itf terrstrial targpts hy mranas -! thie lnirror sys|tet
matr sur mVAd :41111a aiui.i iat :-mi.ol o6,4Arr. shown in Figure 46. The target iiust I*e a -nit

al,. f( rouopielrrAble extent I I I. to , V-mile 4t, kr)
niihrgy." 1n bltis inftrmient. a stamlpieCpaxinttely in order t- alhtw f(r uncertaintie, in the bttitutir of
i1 inehc-S in ,hnatt-tr is illuminated at any 40101"1 fhie airplane at the inatant if exposure.
nagl.- of invi'1e40 by•k•sultantiaaly collimatld light. nthe b-oat liglht plan for puth an experinwnt i. lw-
A thoticketir evil, earril by a nmovablr uniti Iwed tu consist of a pattrm of four omirn"e. go
1itmrd aiatt the center of !he pample, altraure daispe.tr start, fotming a &quae centered on the

hv iiit refleted in various diroltsns. A polar pl4 talet. aWd o oriented that two vides of the square
of t•e•l iotoeell readtngs prtludt'- a atoi'•uqbhtn- are teos-o the rteaini.-n c'urnms behin up-.wr
tl,,tri¶ 'tarve• -f Ohe t ylw ithown in Vitaurr 64 Re- sl .I w,'.eun teopeethety. A series of square couros
'sarrh was haltca!.pral4 hy the slowne,, of the of various Aes and altitude. ei ble gntoniphoto-
t.afruis•,t11; -&Varfl liours were atipaired 1, obtain nirtnt rur%-c, in the plane of ineil wrv and p• n.pi-
And plot the datla for each curve 'lmhslar to It to be deterftined. 'A 1w squatr counrss

Au4domwati- Re.ori•iiq Gamaool efvuotrr. An Auto.- lutlid he trreed eotiathou•ly for the apparent
marie reamsrht Irioliholivowhtt •h•* da,,jninl and .'u n in of th0 s-.... .1 iis i' v a l• iel'l(.1 ,I eaily
partially csuwirnted by the Peispve I)elcrim P1roj- n the aiterolt la ecuipped with potuelhetrsic Solar
oirl. T1W iaslum-t'nt wag utib atlt costpletrd iavig a t equipment. Othentie. the corwhtion can
by the letmlrw,'s staff of the Iteacarrl. laboratorie be orn-mpliPhO by ra"If'l. ,-.4evel ot -tsam
.41 the Interrhemirvil ;ptoralatinn under "•erart h-r•- A trehnique fr nawpitImk by cwwap
4 Il'M.M-u T. and turnsd o..rr to bhe NialtCaI, IA's- itrins owh ezperim itl was wrtwd aut by the
*-ralnry of 11ws Englnrir hoardV. ('nrto of V04incee.. Army hlutinv l1w. flirlits at flerlarndo Vitirit. AMd it
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*' CAMOUFLAGE INGINhEUING 11 flmit IItillte 1wl. sian 'A ill 'A 1116i 1 . 1101imlile

to mtch~tl natural te'rrain with arfificLLi cons1tructiwLi
Thei ultimatett go al of the s;Kct rogeograiph procriini Ho twever, thle co1st ioll~ie find Ocils h labo r ret oinred

ats originally ft ntsiivei wats the s's4t ablkhinent of irnirtast' so shatrply it lit frt .,Z1 k* -w'r-ielr. .hthait,
sI igiieln poeltl-tifillinipa'le oif plvireihting Ihv -Ii vp-wiety, (salouflage mieaswteil; far short of pser-

alioitbli diff eren'es in retlecttati's et bween i a iaa- ctisifl tio ust be atdoptedt. Indleed, flit, ottonotmie fat-
tttiflaglig li t ecfrt and i s -uirrourenifitig.. rwrhiit it. ad aisost tor,4 tint ~so (lt ietid that it filiKht ro-laxtiitiun inl the
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CAMOUFLAGE ENGINEERING 217

thlic.sands oW dollars in the cost of a camouflage in- = : Uu wet i A~J yarua.
treatment. However, such a relaxation of require- This value can also be obtained from tie optical
meats base'i upon g-esswork may prove costly, for slant-range diagram (Fig-re 2) by noting the inter-

obviously cr'nouflage is valueless unless it fulfills seption of th( soliUl curve for 0 = 40 degrees with
its purpose. The spectiogeograph program was un- the dashed curvF, for altitude 25,0(X) feet.
dertaken in the hope of providing an engineering Optical slant-R - the optical s',ndard at-
basis for camouflage lesign which would avoid mosploere is 4ssuincU, oie optical .lant-range .R is
costly empirical mistakes, while taking full advan- shown by Figore 2 to be 7,690 yards; if nonstandard
tage of the permissible tolerances afforded by the atmospheric tonditions are expected to !p:'evail,a
veiling blanket of atmospheric haze and the distance correeted value of R can be found by the procedures
of the enemy. It is hluped and believed that the con- described in Section 5.2.1.
cepts, data, and noinographie charts contained in

('canmuflge engineering a realitv.

a A Typical Problem

As an example of -1 typical camouflage engintei 25.000 FEET

ong problem, con-ide, the requirements to lIe met by
the camouflage for a building haviog a 'lat, rectauagl-
Jar roof 100x400 feet, situated among dense decidu-
ous trees, with the long dimension of the roof in t(ie
east-to-west direction. Let it be assumed that, ae- *.40-

cording to military advice, attack is most likely to -
occur during midmorning hours in clear weather by FPi'me.t 67. Bomber at the critical poimt im ia ap-

proaci to the torget umnduer conditions awminiii:'d in
bombers flying front the cast at an altitude of 25,000 sec.tion &&.l.

feet. Let it be assumed further that the camnouflagte

will have served its purpotse ii the target is invisible, Piojected Target Area. The projected area of the

despite identifying landmarks, until the plane is so target is:
nearly over tihe target that bumu, enn en,,t li ilt-l~ed .4 t 100 X 400 < sin 40 - 25,700 'uqure fee&'.
on it.

The minimum distance fromt which a successful Effecti've Projected Target Area. T1 e appropriate.
ibmombiug rull tsa be u0ma4-le depell-ls tn the character- value of effective projected target area X" ca.n now
isties of the bombsight, the ground speed of the he found with the aid of the nomoaraphic chart
plane, and its altitude. For the purposes of this sthown in Figure 31, or hy substitution in equation
example, let it be assumed that, for a successful (1),
.nttack, the target must he visible to the bombardier . =- 0 = 9,060 .uiar' feet.
when te look, along a tight path corresponding to 12,970
. = 40 degrees, as shown in Figure 67. If, at this 'v I CAL DATA
critica! ren. the target is only Iininally visible,
the camouflage will have fulfilled its purpose and In addition to R and .4. v ,oibs of the :.., ground

full advantage will have been taken of the available ratio and of the meteorologtial range must be had

tolerane-.. p.rfe, 4 'h nomographic visibility charts can be used.
The R.k-Ground Ratio, If the reflectance V of the

aiz:iAMINARY CALCULATIONS tirrain surrounding tht target is known from mess-
Befoe the nomoproaphic vi•ibility charts can he urements imade with the speetrogeograph or by souwt

used, the following pre!iminary calculationm are re- tquivalent method, the brightness oi the g- i•,•li can
quired: be f,•so, .y multiplying V by the il'umit.ation on

glant-Range. At. the critical point the slant-range a horizontal plane at ground level. A variety of
R must be caleulated. The value is exprcssed as visual and photoolectric i.lumination meters (il-
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218 VISIBILITY FROM AIW,'RAFT

strumenon.- are %l,4o Caphible ot lieau uring tile brigh1t- 'or (.ircuia,- targets " t; ------

n ness of the horizont sky in the directions in ard n ever, no gimeruliz•ition sit)auld be diawn from the

shown in Figure 17, Chapter 2. Tile sky-groun.i foregoino exam~ple concerning the importance of

ratio-eat. then be found by dividing the brightness target. shape its effect shvidd be emisidered in cr-

of thL sky by the brightnest; of the ground. nection with every problem For example, had the

For the purposes of the present example, let it be long dimension of the building b('en i1i the north-

* assumed that the required inensurements have been to-south direction, the shape of the target would

made and that a sky-ground ratio of 4.0 has been produce a four times greater el!ect than in the case

found for the conditions under which concealment considered above.

is dcnired. Procedure. The effective projetetv. area A of the

The Metco'ologioil Rangc. A photoelectric trans- target and the optical slani-range R Pt wlIrh it,

*1m/iSsometer for ineastiring the ineteorolog~eal r~tnge must be liminally visible determine a point on tile

lhas been devised by tile U. S. Bureau of StandardQ,'''• noiaographie visibility ,hart. This tarqet point is

and it is understood that a number of these mintir- indicated by tile letter P on Yigure 68. Place a

nients are in use throughout the countrN. A variety straightedge across the chart in such a manner as to

Sof other instruments for measuring v have been connect the appropriate value on the meteorological

described in the literature.1 2 When instrumentation range scale with T. The position of the straightedge

is not availahl-, the visivility (Section 2.2.5) can is shown by tile dashed line on Figure 68, for the

he estimaied .)y eye in the manner customarily cm- case of a meteorological range of 10 miles. Piace the

ployed by meteorologists. Such visibility estimautes ptint of a pencil at the intersection of the dashed

are usually included in aircraft weather reports. As line and the right-hand vertical boundary of the

pointed out in Section 2.2.5, the meteorological chart. Rotate the straightedge about this point until
range should be taken as 4/3 times the visibility, it passel through the appropriate value on the sky-

ground rmiti !r-le. This position of the straightedge

LsE OF THE VISIBILITY CHANTS is indicated by the dotted line in Figure 68, for the

Selection of the Proper Chart. The selection of the case of a sky-ground r~tio of 4. Read the value of

proper visibility chart for use in a given probleii linminal contrast Co from the contrast scale at the

is governed by the level of brightness to which the middle of the diagram. Iii this case, Ca = 0.079.

eyes of the observer are adapte! and by the shape THE Ro,.L ov ATMOsPHnlic HAZE
of the target. In the present exumiple, full daylight
brightnesses are involved. Since the sky-ground The ,'slue of contrast, which will make the tArget

ratio is 4, the ground is one-quarter as bright as tile linnnaily visible from the critical point, depends

sky in the directions Po and n (Figure 17, Chapter upon tile value of meteorological range. This iela-

2). However, as seen from above, the apparent .
brightness of the landscape is increased by space
light, so that a nomographic visibility chart for full Meteorological
daylight (H,, Ž 1,000 foot-lainherts) should be used. niorla limial

Since the roof of the target is a rectangle 400x Vmii• cont
100 feet, its side-to-side ratio is 4:1 when viewed 0.034

M44r .3ly downward. Because of the foreshortening so a•m
due to the oblique angle of view (9z 40 degrees) o0 0,0M

from tile criticai pull,., tile effective side-to-side OM 0079
N 0,122

ratio of tile target is reduced to 2.5:1. As cxpl-ii.v,1 'U15
in Stection 4.5.1, the best answer will be intermcdiate 4 £01

* between the values given by Figtures 6 and 15. Since, 4.10

however, the,,i vahies differ only by tihe order of .5
per c,:nt, the shape of tile target is unimportant in tI in in illustrat(d by Table 2. It i be noted that
comparison with other factors and either chart may %% nen the air it t xtcptionally clear (v-ox2 the
be used. Since no target is more visible titan a circu- target is visible unless its contrast is less than 0.014.
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Such a low value of contrast call be atttined only In other words, in th case i,, -0 larit- P. argiat fil,
with great dificulty, and the maintenance of such ea,,t.fleur must depend upon hate Io eonceal the
perfect camouaage is almost impotsible because of terget.
fading and/or change in thc natural backgrmond. Toow-Douwn. When the mnteorological range is less
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quired to make the target visible from the (riticaI may be made between brightnef s 5contrast apt 'olor
pioint. A %rhite rool, which nmu-, i, sveral tiiws a4 controst. Thi" 'Minim- will he governe;! by the eost,

Sbright aq t he slirrmunding terrain, will he plainly t he availability, and the lm-rinanence of the (am,-
\ visihle, but i ro:if that is darker than its sorroupd- flage umaterials rather than Iy any opttlal prin-
ings will not lie seep by the emrmy no imittter bow oiplvs.
black it may lie. Therefore, an application of hlack To aid the canloufleur in co.pllti'.., resultant
paint, tar, or other blaý-k material to the roof will m-chronitic cont'ast from thce brightuess (olntrast
provide camouflage during hazy wcath.e-. mhis cam- and the equivalent achromatic contrast, a conven-
ouflage measure is known as tone-dowue i.at nouuographic relrcentatio- f t.equl.tion l),

Color C'ontrasts. Although color contrasts have .('hapter 3, is prrsented in Figure 69.
little effect on the visibility of naval targets 01c4- After the efvHetances of eamouflaged ohljemts H:'
tion 4.9.31, they are often not negligible in the caste measured from the air with the slpectrogetagralpt

SI ..... ....... .......... ...... ....... ............

ferenees coay be small, goni•hpli•tominetrip prolwrties of tht alnouflage mate-
SIf the neutral ploint, reprevented by the cross in rials as measured in the laboratory, suitable, lnte-S 'igurc 39, Chapter 3, i6 plhttvd tai Figuit 41, ('hap- rials can Ib selected, Special flights with the spec-

ter 3, it will be weer that an equivalent achromatic tr-ieograph are r•quired only when tile natural
contrast of 0.12 is ;".,dueed by the color contrast of terrain surrounding the target has not previously
a black roof in i,.reen surroundings. Tablt 2 indicates ieen catalogued. Hlhwever, the slectrog,'ograph may

£ that this contrast will render the target visible fronm bIe used whenever the importance of a target war-
I the critical point whenever the meteorological range ramts a final clhek on the lwrftirmance of the coni.

t, exceeds 8 miles. This value of r has been calledt Iiete'd canoUflage installation or when the visibility
the tone.dowan limit. of an object on the ground is to he studied.

Whenever the meteorological range exceeds the
tone-down limit for the target, colored canuouflage 3.4' PEACETIME APPLICATIONS
must be used to achieve concealment.

The foet'going diocu.iiion of the visibility (if ob-
ljectP tin tile ground hap been written from the lpint"Camouflage Desi of view of the camutoufleur. Howevcr, the methodt"

After tables viniihar to Table 2 have been pre. and data presented in this volume make possible the
pared for various valuet, of sky-ground ratio., the prediction of the visibility of landmarks, landing
type (f camouflage to be uted cem lIw chuti, tin the fields, and hazards t, aerial navigation. It ip ex-
basis of a compromise involving cost, frelueney of iect.'£l that the principles dircustel herein will find
oiecurrence of the various types ef wn-ather, and the vaahl-ile h4aeetime ippiieations in military, naval.
military or economie value of the target. If the tone- e- nmireuial, anti private aviation.

CONFIDENT11 %L

I



C.hapter 6

CAMOUFLAGE OF SEA-SEARCH AIRCRAFT

IN'rRODUCTION 6.2 PRELIMINARY EXPERIMENT

W 1¥THEN THE MENACE of German submarines te Pursuant to instructions is-l:uc by the Chief of
YVAllied Atlantic shipping constituted one of the Section 16.3 of NDPC, the staff of the Tiffany

nmajor problems of World War 11, tie (aaaaouflage Fo.dandltion sta:rted work on an exiariniertal te.-t"l
Section of NDRC was requested by the Director (f of a new camouflage principle by which a black
Technical Services of the Army Air Forces to devise silhouette can be retidered invisible to an observer
a method of camioullage which would eiahle a radar- through the use of lamip adjusted to the proper

- 1 .- ... '. .o,

faced submarine within 30- seconds of flying time, experiment,'bi black-painted board 2 inches wade by
before the aircraft becamue visible to members oi the 32 inch s long was provided at 4-inch intervals with
U. %at crew. Such an approach would ordinarily lamp and reflector units taken front hand flashlight
enable the aircraft io relehte, its thepth charge' asseniblies, as shown in Figure 2 Fach ui,;, wias
lewt the.r shllhieýe r.e ou'd el'xiecee R era|le con|Neipt of * prefocus•el bulb operated at 2.4 volts
dive. and 0.5 amr.,ri with a pr*rabolie refl-ctor giving a

h'lie Director of Technical Services was informed beam-spread of about 2 degrees. The plain glas lens
that even a white airplane will ordinarily 4e seen of eavie reflector uait wu.s opaqued over the greater
iv, a dark silhouette againy a &sky background, and part of its area to reduce its candle power. This left
that, althiugh the plane might he rendered invisible a horiataatal strip !'I inch wide by l.'a inchel long,
by flaeodlighting, the amount of power reuired wouhl. which was covered with a paint fihait compoted of a
be prohlibitive. It was indicated, however, that if the transparent blue pigment dispersed in linseed oil.
plane could alwayls apprmacih the submarine in such 1Tlis film converted the spectral energy distribution
0 manner as to present tihe toiti head-on aslect, of the tungsten laniua to apprximaately that of day-
ronceaihient might he possible hay placing lights light, A rheOcestat was used to adjust the intensity of
al.-org the leading edge of the wingp and In the 'lie lansil tit a hrightness-mateh with tmie sky back-

fusetlage section. It is known from data on the visual ground.
aitesaly oil lhe hinman eye that, at a distance f1 two . Dtn stration of the Principle
loile ind'vi, uaal lights ,•n, iadasa iangaiehahhlle ai ,irli, .
if theii ilipeing is less thui adn e..it four ftet. If. by A d4ti.onotratihn ,,f the Vo.buei principle was ar-
* eweane of suitable rvflectort , the light frout each ranged for Service rpretentatitt., Tite maodl was
lamp i. confinel to a narrow beaam isileil only fromt. fixed horisintally between twvo vertical suplorts,
the do'ck of the •ubmarine, the mnot ecoolmical use whihl were mounted on the r`of of the studio build-
of loower is ahiervod. The I)itector stated that tP.. ing 86 feet above the ground, and 0.s so adjuedtl
plap.e could he NhUan on any reluired tactical course that the beams of the lampl e4tnvergod at a point
andi, a. ,% haisis for r.aleulaticn, it couild he asumied •A1 feet distant. The viewing range lay in a north.
to hoks , ., eipti, toward the sulbmarine with a deviat- stoth direction with the obiervation lpo-t at the
tion of less thian 3 degrees. It sas calculated, on this •southern enld.
lbimpsi, that even a .o1lait, no large as a Lilrratol lIe this deoionstration. held tin a clear day between
lFigiort, It coold Ice madte Its maatch ordinary sk v 16,.tt ;..me. oind 12:30 -.m Iat-n %er. I' a sw ft,~e

haekkrounds with lImwer consumption of le,, than mod.el a.es boldii silhaourtted against the northern
140 Vwallt, sky, When the lamps were switched on, the ninedel

C"," fiss, 62 ehoecegh 6. an. n', dpedoeist-t .f,, ýt fARI
in re'te..uie e runro.qwiArnerl . this Ijrrt w,;t rf mil to n ,,timti 'ý, _3:6, V'ioe.eiaw .to/ ,S.-i eanch Aier.alt (TA.

Ish the' rol' nsame' )'euiii. l'or the breAlu itf choo.s itn- )',hud, Plirirl),iw by tle.' lsouei Cintfh•t Toifany I'ounel'.
f-twilisr with thi. netolantioi, V•haadi ^,ttaluelia.. in remtere-. oten. 41% .htr tlfee. •ew' '61A Jos' 1. 144, kinlder ('Cmino i
loone slitanl i "iI,' little mane who wosa't theire." No 41%Mer-?.

CONFIDENTi A 1. ilS
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~ainu I. ,riI'g e rnninaii of at I.ihbrmter (11.21) camnitflaxe.d ftr .- ti..4-artI in mice'I.twi,-a. whit h. Ilk,Ii

In Mw.. apg.ioallrip tklgk. If ith wq,.1..tmeem lyt of* P'hm "~I."ue~ in tke frmesjg &lawu th e .uimg. ,uis.k I..ii,thip .
atw..*I mot, WI'..kr uiniwil lhe 1.1.4.4.

Faivat, 2 DIAe1h.tidexltl'~gi't"lI~t IrIglvixn#4 to eItnnn utiall fill Y.-111011 ptiraiil.h

CONFIDMNIAI.
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0 rd

W.A, , Vs as r OW ie j' .

'In,, &*A "Anu :sIbsles, the ILIN-tam Posses f %, •LW# ow.ýA-01. h ''I" h. N" I.W#Wq th. k•'• •01•'shi" ý

henome invi.ihle, ev'n thoulth thlt vertical suisports sideratiomn: I I I neit.e.r.ity of oeteuriog tlie large.
served to fix ito laeatiota. Light clouds appeared in OVNle VXlWriIWnt AgaNitt mnaetrh.e~riaed V~ebarli,oa.
tlh iky during the period of the timsnrati-n. rand 12, ltiel deirahllltv of o lftinking ohbrvnti'nliun over
appropriate adjuwtmnnts were .tidr in the lamp water. and t3 tlhe requiremwent ht t the iwidle! le
current to maintAin a brightn••s-matelh, Thr eff't rlevated as hich as l.&uihl.". A itutly of tir lhttrrai
of operating the lamps above and bel,,w the best in the Iyitet Bay rN'glin revreled that a rildg 10
value for the existing oky brilghtnesso wais nb'oI dt- fert hillh, n tIr Tifflany pmoerty would prviade, aile-
onstrated. It was noted that enuagh reserrve pow"e iUalte height U1141 Ilint the o.otlel ls.tuil be visihle
wao available to match the brilhint.,u' ii 0 while Ifron lthp s1h4r, o• tyster bay :nomi i -intl appmo-
card exposcd in full sunlight beind the model. As mately 13.0M0 feet distant. Such a range would Ie
Sremslt of this Jeimnnstrtiemn. a decision wao mail. about M t per rent over water, with the eastern sky
to con.r'afc a. lull-,aL.. .lha00t of ai iW.ila.rltr a. hacktragnel1 Thr 'ii. stntion .wt-.ed wag

B-241). to suspend it inrmlteAM tow'cm ton e crrteltl it uarirrular pgrkina ara 1-1t 911, sIhor' i-lls
on the estate, uand tit owerve the eufortiv•". tof the A frw feelt nlitvr l1w wntrr at hilh htih 01ig.
Ychaadi principle tr"Iti an ,,waving .tmolisin two ItI r 3'.
nauitiral mile. ilistant. The eitlgr sm whirh thlr to.m rs were to Lo ereted

was arresti'ae Is% Is fiart ircial lint wti, lhevily
"J.' FULL-SCAI E SILHIOURVIE OF wgimled. 'to privitl, an enah.tc',,wI view. W' ls-'

LIDRIATOR sithlurti. f'ot thl viewing station. it was r.aesiary

The choie tfio a site for testing lite full-seale to phuar sevefrl crne of4 rrorc nod uuhlerirhnih. (Con.
modlel wai diclated, primarily, by the following eon- aawueiration betwve-n ti hilltop W .lto isol and the sh,.r

C.ONFIDFN*ltA*.



228 CAMOUFLA•GE OF SEA.SEARCH AIRCRAFI

telepltont !aije,

rwo steel towers, 100 feet high, were erected M00

"The Silhouette ant!

|!2-itwh steel cable' between them. This cable was at-
On.. the head-on aspect of a Liberator was in- tached to winchsc at the base of each tower; and

volved in this experiment, ani the tir4t step was to thie model wae raised from its resting place in cvtdh's
reproduce the eorreslonding si!holiott'. Ntanufae- on the ground to an e.evationi of P5 feet above the
turer'a drawings weir not rea•dily available for tl.is ground by simultaneous ioperation of the two
purpioe, but the neres-nary data were ubtainedl front wincht-.. Guy wires were rigged to steady the model

in tIve elevated position. The upper !.alf of the steel
towers was paiotedi white to retiuce the contrast

'I 1-. 4t 6een ,.,..nt the sky. When in the elevated
I position, the utodel was 235 f,'et albve sea level. A

- '~~' ;-Wo the 0--.v04te1 ;~~,~ti ke*e jet violr,. 5
L- and the rigging !avotat in Figume . Vt is of interest

Fit a 1". 4.. 1h, .t of L.iI•.,%Iew in Ie•,l-,on 11m-iew that, on the oeeasjn of 4S iir.-t elevation. the ap-

onaach of a four-muotored howlxir was rplortfti by
a phottotralii if a wind-tunnerl *etel Supplieel hy" the htwal volunteer itirplate, sjlotter- several tine's
Wriglat Ficeh \,ilitional dettails were oht.-inted frout, away
an aetuil photogralph of a l.iewrntor taken otn t)e
ground- The sillouette drawittg tnMi '* .•sl,•s l . Arranginwat and Control of Lighta
in Figure 4.

A model wa c•n~4ru•etrl of lIlywtmmi aj.i nrer.- It lhad t•e•A ,.lctul~tetd erviteusly tilat 3W 'ttt,,
forl I to provide ouffleiert rigihlity. 4f Ixower woluld .tiffirc, for tlhin ejxlwritun.t. SIDI'ial

.,.

CI Itnet m 5 t ,'ke. 1,, - l ' tl' mu, w e I•tt i e '
tdC OID E T I.
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Ftt~i at. 6. Riggting Ia~om futt r Ilikv 'atga.a~ d aIll. Nfla- .,I.i.,..I

l~amajw were JaapIdI)ieaI Ia) t ile ( henealr I Iivetir Cmtn- ttmwl- tie s'a's indti vi r cui'ir t loving1 timti ft 'r naft ri-mta.
p ally. ( lvvtIa& 'at. (Plaita. 'n laes, lampsjai wererif c tic *ml rivaar ataas fave t*itt vm-hi ha tim uzva4 rotntvt % %lt i

stV h1A-Iwvatit 1vgw. 4 indiv,tin dia methiaa r, w ith % -ingle. Is trasia anrat nl loiat a-tnt aiaaing imn n-I lai Irell NIa1,1410

mtil i (a mt atnt ta~a.ratilt ,. at 6.5 vultsa zandi I.7 antim-,va t. itt atrwretis-t a ligh t it, e htai aglt l italityv.
Tihey hiall Ia~mt- v'ail 4a 3 dattgttes in theat hori. Thela latilpas wen.' litatliat t# I ii adt' Ijia tid,

tona atal pdauralt! 6n tha at-Agr S ill thew vert ical ption n ie. i. ftaw'wt' ~r iaa~wtttrtk a~anrI
haaaap werv wiatd twol in awri.','. with 1anu:i in iaint- tila'tt- f ' tat 11i4. sill'aaatt.' 444 .Iaiawa in Figib.t. '7.
iId. anti win-' aala-rato'a tromn the. 19-vtoal mti~andtary 'riaa m. trackL aaartaaittadi aa-v t-d Intenit ait blaat
t4 a tnaantitanar aaaappi-ltit-1fian at ;aartatatr I 1O-vistt gaawaiitiaan".
fl-e tenratt'liaa itt SAW watt valmri~e ty. TI,.' iaanletatv Tin- antiatat inso Is.vVLhj~ i st-t - partilmr -panring 14 tin.
itt 11t.a imuaaim wao hiliaatial"t Ili man-utas tat At Variar in taaaalta. rail tat rath-tatnat-it i.t iii .aanpii in S.'.ti~im 66II

tist, priuaaatv rira-tit tot the. trn-ist-anata-t. at vislinawtrr flT- arrt-aangenia.11 4muwo ian Figttf- 0 l ati tat -o Vf -evr

CONFIDETI 4L
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Is 0 is '

Fulumte A. D)eemesieeni dirawing A'mwieng thte hm,-Mtiten ail Its h itmi.4

um-d diuring thm-exp.cx rimetsnI. Althouwapk de~ttlflllfl* ity was~ m) hivi fil. t his "rteasitim lit the. Wi ..uIt
v~h. mj~iriezi!iy, it 64 i, elo~ew atnjnbeeenhtion viblivo supelitrting tht teewvrý vouui. let- dieeerniv-1

to tile theaerititial esparing. withoeut diffe'uity frout thet observingt otatior. Never-
thlwles, all obviservers i agctl that thit dleetr Sihu.rf wn

.1EXPEH1'vI *NTS W'ITH THE FUI.-CALE r.-myltt~y !'2'tible wher, thelumLn-

MODEL it)t ile prollfr itltertiity.
Nleiei.tez -shwti heIm. ~ sszt enkv

Because is( the narro Willowu ti tile~ laoilm, tle fiy' tile Police I'lear~wtui titeelh sr hay inI ruit
lampi aiagrim-.nt was core t omidingly critical. WWIt titan wifýt~h- &- elaeriownt.to skut 'Itna
tle nioitel in the eltvateel ;nmitionn imly oveyral all. &'atiii cars, funnusilteitihelrwi~rr riqettjuc. im' t' ;%tcoi
jwtuientee it~sis be nioed and theet" werm by' us* of auteeweebil", fetua aihtowing tlelivw #or v;,plittl nirur
tile guy rolies. The nevary inmirtusnat were rt'- tim ohattrmatitm statisem. hernatiqt. 14 11 narro11w tri.
luyt' bty tirlcph'une ffivii 1w I'xrmt.& istation. zeintal lhaillaaqvtpntit efair lampsm 13 itekgre.) 4W ~e
W~hmi the biept uterahl uteting lul twmy isltairasi. a alt"teir ate p~murv anti elutaissaan~t. 61. thw Iii-
It-poerir tieliveatrop will usee to bispiet the alkign. hourtt.~ 4uringo tknuvoatratiuano f4-041~ Ise witnreoeelt
tum, tif inslivisbial lanslimi. Tile nusiehl wa, tOwn M'o n aly fri ilinebts b'n* 11V' short ruagi withLn7-'
4sn~ieWd mud the indiviekaal lamp itisanto were a-l- . fetit the itatitin Tile islueeivatiou, oltuiliv i -t-,
jutwted by means ofl the thumb ftcirpw shownin ) putrd ail viarv 9.
Figurv 7. The voltaget acrvitt be lamp. wa. tin-i
tiatetd tote the loxit el 4aferiuiatito irm t~i o~h. APPUiCA1iON TO) OTHER TYPLS
tinrom , $4akiun til the minititue' V104,1:hltv *&%WPLNK
e'sibae'sh. Thiee visaltW wai foui:,d rut ite hw rtipeetall W LA
critical. Wlhik flip weerk on thi tull'.cale vw, %it- m

Ther miup-norbnto nI swory Veer 11w 1"mite aultoua "Atv",*. a twet aiwin hete puitabh- etfuweetrn owl-
eelth 11w pqe opactal tit the lumiat and fI thevomrsy alsir lt., ikirteimoiuamas of the Velsit'I lenWilsipte at
range of inrwe.ily and color wm erfmgu4 .nWs during wwiraI retiaterynrv, in Wuhtinciom. This* vut-I % "
tie. wouira o4 1943. t1'harag the " ir~tt parttem of finally auvi hy an oil paitlinbg eion is sh Avi-nWal.
thi. peinead. thw viisibility vm* kmi thain I nuk'.; silo a pliiltstfrapb of veihih is Omuth~ in )ijpirv 10. The
clear weadvher Was ~11T Bit."de by wmistileut cal Iasch pillheuwttr e$4 a libalm'uo 1 R-44 wat 3 7A
h~igh vsk wo'ty. Ssne 11sa #ilhouett wow kwated mis wrhw' let4iWn '.% 1jiaftn. ;Ietat. i'i *.

Oaw top of.a ridg and pirwntimc apprmiimatchy ~JO rinvnt a dilaaarw til 30 feet. the vuiautiliiitl emlenclek4
aluaee (re a( surfmvanve Stilv wee 'ol, '4 nuscfrnut, the vowt aigle up a Lilwratir at twoe sltute. nub'.
welwtrty mAWsh vivataewt e4 ther meede~l 0 firwirarkaus Paoi hwk' %en' aldrile titc-I+ 0".-wt' al
mnkertaking. taie tt.'- i Mdwp~ ft ugI the' taimiumm of the ligist.

The ma.' osurvqyul shviweesesratisim *a* macha. in that had been raheineulatriuy the ljherateir. A irtrip
the pjimi-m $of eel iur qpauhilortl 'sevrms. The 'issibhi. of animsiftkl pajuir wiso 81ftew 41i 1tW thol Aec thr

01bVIWINKTl AL



APPI.CAIIOIM '1i) OTHER TYPL.. u, PLAINES 231

m ftonlwPA

)NLInoikh tit rtuir the Ia"Irt, 4* lm ,hvin fir-, I !A
With a tnk anp gIim) nifs iWilmd4 11W !*ining. Rhor

appe~tflt satl of w latupsit(u the hail -wadal .1kW. lse1
i"It"Pity it to Ntlt i4"14W (rise tht' Isito's W3A all
jiuirtfs to the n"gurriA level i.y varying the iIh'tune
sa, the 11'k la.i~ friml lth hark tad Iw ;aahe fns.

Vnk 4 4ifrruors. in n-4..li' * sit%-t.
ihos blark Ouisiaarts rosall Ise Isall its lol' i

ra.A4. -Iy vWhM tIN. lj illtilg Wa-a V'wa-r.I feli44 ith
OAalr'"iAnct us tiw 110"Wur -ilsrptrl mi yagiatr I Ill
An attemrAs too ;l~u~irat. 1l.&m ililaum~l at lonl 1w 6.ta.
toigmphic mamw is esvin in 1ag'srr It oawl UV ~ -

rnc.. alhistrutis* - -f ri"sl~wwrio frui Utrr-
lt" haslv "egot iv" a.i.. writI- an~ .w'Isar~ viwv mm-
aia. a ovll 1Acp mO front eadth lew oif.twi 'W to,
Wr i'ts 545 tWalvitolg jlum-' in "W"r.nalwI-ner with Fo- *lraiats ol I.Owsi~ 11-4 WM
thmad .d(sh hunmu eye, Fivirn 12 is a pbuohw*Kar 4goad-qa. -. N*VN*4 54a15

4P
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4t\ 47.

Ec A

ol IIii t i- ('ilimi i .v2v hiii i -amsm~,

miiitie uunder t lies, eli' ti 's ltefeitre I(-tie 'tea lumpt ret irent tit ajolmiaraim Or' i' I .ilmoms wrtlwitriY

olial turined low Figureit 13 it, it ptliti £ tgrij .! aitise un - fect awn v,
tier i entit ial emkfi t imsit att'r tilt, vrk lamnj hall I- t pl il,41ii ' i l~I ii Im 1 lii st tilt- tsmo-s. t. eriremitm

frill th:. nor. tnt rtatitii di it anre 110 ineiest, t hey Ot itutieti f(or th I.-,lii-titsi-4 ul pa till flEft I(nt,- .tOw
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patetf~aCd~ a .t'll Iph~ (If witi WIa car!'board. -ho idd have a ta', ai a tand! iatwci of ').tJOU Cand Iles.
"'FIts simplified t vecnlique ii as Ieen u,'il (oil sI'v.ral If the solaidI anjle of t te itoine ilf iiglht front each
oeasions to test thli effect (if modifying the lamp nIamp is represetnted by S, thet atoutit of flux ass,-
jIsititions. F - i.:-•inple, he •irt, all at ctual installa- i,.tvd withi a total twain candl,.o6 r i PA is IBAS
tion tkV llude ill i a Libcr:tta r at Wright FihlI. it (thaniens , assu mitng the intensi t : m be Omiform

,eas p~roposed that the lamps, be mounted on i rack- withlin the beamn. Trus, if tile total lI.' ,'alille-
ets beneath the wings Instead( of in the I eadi•,g edge lower a-ttliired is 100,0M)0, and tilt' milid angle is 0.02
(if tilt, wings. When a drawing of thlis itrrangenllwnt st, 'lradlinats, tie at"lltaladwr of hiimliens requieted is I1 M,000
hla been made, it wias sten at itaoe that althoughi X 9.02 = 2,000 Imiens Tile is eftcit, ey of
tilth Iunamrwing brilcketrs would! Iw sittisfactiry whe;'e, tungstcln lamlps of tilet I- h-iani tylt i.k of thlie
tile wing is thin, they would not pr.oiwrly Caimouflage order of 20 luanns i,.tr watt ut their nir,'uil ,perat-
the thiiker Ioirtions of the wing strut ire. A new ing ttuq erattiira. This ,twunta that 2.(XNJ himtiis can
'irawinar. inl whiah'i onh thet llaim iv),r Il it w mtrto h o~ It' aiilit'l with it itnivetlr -'iaoiviivmtri '.F -) (WW /)(
were motunted iln underwing brackets, showed thait It) watts.

i n, h III inst allation shoihld h. mitt isfav to'.%,. (;G aiiealiziiag, tilt' ama untal I if 1 ',wer that is tito-
"iTais technitue is appiiieable to a ny tN t.. plane retii'atllv rt'''iret, by a Yetti.lii installation is gi 'ven

andt eliiniates tile ncressitv for ri.nstruitng it1a hv Owt' fhlowwivj vti'ptitul:

moia 'l. He'anuse ati,- -pihvric hiaze. is altscint, it design IAS
that lprforms .it':isiactorily att n'daared scalc can be !- T
rxlpeCtedl to pi rfiinn eve'n more saitisfactorily at full~ '?- where P is tln. 'twe'r rtcqauireian'nt inl watts,,,
6eacl,. Although tihis technique' im ay iei 1l' ,r eI - B ts tilit briglives 'f the *ky illlt- per
Iirical deta'raainatiions of laalp li trihution, lu1re Mia.ii, fool,
direr! l tliih ls t iwildlie th.iei.-ss'tl ill '4 tiiin 6,6. A iilt, ft tA is t lilt,' a '•, aif thle siIlaltirtI e I ,t i i '( fnre fe,

S is tliet' . l i l ngli I i -t terai tllma,,
ia TACTICAL AND TECHNICAL ASPECTS L is the edictic' isro thle 14l11ll's ill haiaeias per

The foirgoing secti oals tf this relport arte voi'vernedt kvlt I antI
% it i 'nt' lliviri h i tahrtivil i t v- i lt- N'elaaa i prirililhi. T iý ilt, l.l.•ii.''ilflii tiittr i ailti, color-
Thre telimiiral iaif tratintion that follo iws ;s ;,Upl d ill, i''rt'ti:iva hiltirr.

i,, l mtti a • .i ' li t I t it'i .t.ih--il Itt' l'il l it i•t." "i'Oie iohiii inativ at it eiri'nii l rolilr 1, t le itte. i t lilt,

lia ltli'ii ! laa- li.tv. ltiom#!a fT .irr-m. nl , il , -al)' h:1,1 *Flaaalh mlnj. 1-.' al'. 4jtlaiotilt•i 2.1il .- • 141 •,

jte t tiatatter ill t ii ' tT liii in lilt- si-vt ilvie ' I lh t i* 'l'Tints, for ir a 'irruinr root', iv 'aio ' p i la tie, navh;' is
ii m ri ly eaaa" i rl iiih I an niaahoiitle ing it n iiai tllnae ill- I 'irh'grt ,. lilt solid litii le k"
, ui gn b ale~~ d till t h et 1 ,0 111 1i I 'r ii~ llr p l e. S" . i . .i , '~ ~ .. " I~ i• t - t r ( l a s

6.0.. Theoretiral Power Requireniento Th' .utits'h of Ol t liliae e llklitlalianl. ripiselo)'tyll ill

ltillal i of thle m'ilh'it-l-lm- a i'Ylit' i. -iili thiat tlit- ripe
A'siaaar it htmek itir-r•ft to, !%, vitewrel , ainoti -t ,'i Iial Ii- Iiene rlY ri-irl'ita tilatr tia crii.t w-r'titl. The

•kv "iaetok r•ulnd i sh li aiatj, " U I nti:lin ll 'r r4jlntr ii lli tingh' of utilhli It hi'rill V'nii lt' t4l0n111ll-iIt IA 1

fiwill. a it tilt- s rrn of tlie ailhloivi tt lin .'paumm fit-ti .iiaai'-ieana itl't'irimi''v ill vrmrai f tilt, I"ir,mhit t of lie
;% .4. lite ltlU ivahle' intmotiti (if .i t, lit rl -it " ll- sky an14 Ii lilam. nnIth, in rlla ii .i.i.tt 1i1i1F. 14 inc-
lieIh raiA I h r ty -lit t ittue1 t is )t.4 i" 4 A i irst la. if Illitillntr i'llfi -otel lit'anil an R ti le rl'i't ill lit vi.raircal
the okY hms A br.liat nes tif No) ennd'vIo iwr -|lln i , . '.I I 0 thvigr.-'- ill Ow ltl ,. a 11il, rriin.-
l15it i.mit O ivia-.TalOil-rt.il 'a Owh nirtia f al, -Ih !- :i'f - .i'aal - it4oit' 'tl 10 V.I x It . " O02144
imituvile i* 2M l-4l . in" 6-l trl h innilt, of Ilhi li .- ,lertildiaml!,

fllio 4, the .ky tit.ritrc•l It y that i-rer.ift if S ->'

2AIN . lUG,000 tanitlar-. Altl rt f!' ri tii . 4 . k ;it t k * :3ir' ir-t l Pow--r Rc'quai ei tl' nto
-inile Rtill' it. &.- not jiniri l t fie prailer diltribu-
iloi of intenily. A .r-trrhliltht ituth mi h'aanu randb' It %% $11i t•t iffy" aPttouted,4i 1i. fllu' fiiRgliMia that hImSPt

Isulwr uf i%(Moto %u ild f(tlaili the reirtiri-intaanu. If vns h' olthnt in• noist' i',t'nbit y i,4 unifirnt %ithiti
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attainmiient, biut lamp immkifimatt lurers tire LiSUH11Vl theP old-ffsi hio ned tvoie of hl~as 11 pip wit ii stj 59 sjt

willinig to suipply dat a irom which the applicability Imiilb) and refleet si AlthoI ugh dep arture from one of
of thteir p) odluet4 for this piurpiose can lie detvriviinied. lie standard sizv.ý is not j ustified unless purchase in
)rdina. lv. the ent sII.vuirm d escription olf -w ialed-bean oi (I nidurabic q ue~ntity itý contempllated , spuecialI fi ha-

iainps indicates the rated plower input and the cut- inents chn readily 1)e inicorpoirated in the standhird
responding candleplower in the renter (if the brain, envelopes. Because the N idume oif the envelis,::, ib

M)greater theni that of thle ohld fashionmed
I IicsIldight bulb, miany of the ft er 5minitat ions on

lilinoiait em~istrietjiin are rvmstve?,. T'he in aausfu.tur-
ers o f sealed-it-i eni lamips have now hadn suffiient
inuif~ltI ~et uring e'xperience w~ithI t Iiis tvi( ot f unit

to he abde to design and pus luwe, Iii eji-l: el

z is icorrect ly ad jtisked fo r an ,Iittrimity m atchk withI

IP :11 th wii' ''i~hi Islto i.l of ,WJIP K, ti vr-
4. -f, cAtky h:A?4 a Color te:1iliel-ature an~proxniliating

:t IY) K. nd iii.' colour trioiipeature oif n filue eky

IMIN exced 2XM Avie tuwttn laipslf nor-

muio It a ve at co lor temj a-ri lu rk iin th lit' i iou v of
:H~"K. it ijs coo-iui pii ractii iceto i nervait their

coo tem- -~ yliertv i the titt f tilits' N A- n ii' ni

ii ''iI volt venijellri amii exl'esifiew-v. tv fle r ti It cr sie n

41.1 ~ 0 u..u *~this- lInter re~-rioients were mattse Ity etilting glivi
jdtII-4 with a it i W ;in deei ins-tkle r ""Sit hillniti a

Vit.t m 14 .41' I rtid ~ tii elr', ItS.it A .ittlrr. tr sim-pait s.ime ("4 .i 'I i'Ci n I rig nli u n-' ut'.fI 3
14i~ri 4it' them. Ni-ifitiitsv ur ei( .1

ance andl vfMi'ieirv *i if lthr filter- in iniirmt,al in

litio n iant ion convi-miing Iii as, mil~i tng-tl, tit dii INsami FI ivoe 1

ahil thei criteniou tn os-l in -1~i t'r u div meL 1w l mlv og I ' -iii.'c lhe maaoaat oi lighi alasiirixwsb Iln f ille r
it, ficirnih citall %* a ()ii tilto iairY hoviri 'lr. usano- itimnwrilss with flie anoomisn idf clr corrrl'ivin rf

fra s.:.- all, timsll~v k illiios ti tat Otb' Ow.ngtielr firt-il. it ic, it- thue iaurrso iu! pmsns'r .-."s'.rvat mn I.ý

'lisitriilmuit iin -if int .nsitY; a il it i- euodiIni- prarttv it-i' ke nom u r'tnnr r' crreti-mii I lots. a. ret gi rral for

eIII0.1m. h iitti-'o .~' tit f iu hi- s'nii in Irno. mit the x~hus ifactt ry ; is'rtsiumnia . 11rsm-~tihiisly. II l itiividr

Io-visinftnl ann' ve'rticail tngig- .4 ,il sliiiu ji.j liti-jim ma, a'ilonru'ul ap.'. or .! .ti 1 pI tlit 111W ! I. , vri-

*it) I rociusns' .mini' slatvii :rrt i-i n ofi the ml n~irtii hit , futr a larite-i-cile mi-t *1lit ii uh atisi it wlIa.sihl bet

sit fi,. rrntsi-s of hr iri Ii iii i nI til, Iii ninny'. I itut glo-" '.'tmin. bitn.' pkieirm tran'.-

Flo-io'iiumi-. 1 a. I.'1-4, jlilacs" fill th limii.i1. aalot free'ly at lit' Ii ng 1 ch-uK 1-14 J'. 1-''i 4is-W.'-e

Ivlii of lanup I w'i s.1.4 it &,-s. vi nuias'ot! % -mnIelted fo Iri tm , Wt.hen tist'si .itiii inca smlvi~r'nt llavq. fiki 51114 hig

igizsili[V an-iI it, i ilt inh nl N vitnety oif dliiang'ri Pilsu. flve r, intilii'tiitaiti m'
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VALUES OPF~

'.. N~uan.'wr urnd Distribution of Lamps ,jeonehlt Itt the ramlellcgowur of~ tL: area oif till-
scrk.ii u6:;ru;d Ly th. bl"Adk Je Tias ex'iti~r-ixi

*h.rpee in jue 'if list- Imitonin eye for two indaicatea that eve'n in a lierfectly clear atnimphelrr.
light ueurref; of mitiaa intmoheity i4 ordlinarialy Ase- n Ielar'A rarimlar Area 4.92 (tret in dliameter edBoulIe
staned to be Let.ri miuti if( ar. Tou make rcrtn&in thot be comtpletely n lsecurred at a distaner o vt Wo na~titnirn
this value is of the rtireirrt tinier ofelitrtanteiole untder miles under thw best conditioens of eehoervatiorn whe'n
thee spleeial re adfit ~l n., 11! 3w itulwing iiw'iitn nst urret of (he proereear inter: ity if, niouneeuld at dier
w&A etindurtithd io di vigion rantig uf ties- Tiffany renter oftlife area. Suhselurrd i'xhwrinientse with thle
Fooetntat ion. 4Obseerterte vie'wtr a unifteroly iliumi- fuII-srale inee'hel we're in afec-rrd with thie calculatioen
nated white ocree-n tiln ifharhi a I&eleekdik with q wh.'n et'tlierd to thle fitselage section, but A greut:rr
smnall rtntral litle, weas tiutnteil. N was found that, fije-iciti * u feceent lei lw jwr~ri**ibe ailong til dot.er
by proefirtlv adjititing ther in~rnstty of a Wl'm 4"etums (if tile wingfe.
mnnunted behind thle evrntrai h,.ile in tile bhick d ipk. Within thle littitationts pet by~ the me~olvinx peect-r
tile di-sk Iw-enenei jnvi.eleh- when it Publerfrl( Aen 'if thle ryve, there is eciesideiralle:~~ttr~ fleP
angle of Iles than 1.4 neienete at thee eye iff the rhitire tef - .!4-r Anldia th ibtrit liee of the, hattleeY. er
uelierver. Phototmetric- nerasazrriwtsel 0-S06"llere that c:ntnitle,. I thle sparipst it tile lae11te;e i. to 1%, tnift-riii.
Owet' cnfleptower stplpfi-i. by tile smtall lamip reerre. laoilis of v.%rieoi5 candlepower. coellch hW uped. Such
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AR E 1--ýýARLEa-2 IAMPS
I N

FUSELAGE

104

414

32 fR IA OF )iSlILH0UE TTE- 144 5 FT
241ý ~IOTAL AREA - 88 SQ.FT.

I ~ASSUME 40 LAWPS
1611 AREA PER LAMP - 7.2 SQ. 16 T

o -is 91 4' i

LENGTH IN FEET

.urta% ititttil int 111iitlu'r In the tnuiim'r tit I141111's to 1w ti4ed oil I Iii hatlf of tilt. plautw homu thug mm".tugi~iiii oft hortui
Fltkiltti -141ing,11 I~the amj duutihl h4- plavvil at thu. rt-itter t)i1-ih tdrim-m'uuttal tirtn it.h~a

uis um iii htalaimn i-' hiltpruuit ivi (mfm many st'andi. tI ikii baliduIted litO t ion. but U intit r ui~ptuuui
j. iv iNt wi antItn equiva lent restt Iti orcurtt'lre byt'tm- tilttiimp are usuall I lw'rt iiisilile. a- nn Iw demitbist

jithyinmg (nif t~piti i -L I n ' tv wit app ruitpriatit i trmit'uI by the nicthinw twut h nti it~~t Scitn 6.5 of t Iti,
A~t. t*'r *It'wuiiiin it, nlurt 11"- ,r,.tuf h-

.1iuttvitig i6 iIltmwtrafted in Fiwitrv III x4t rite irtl rim-. miteol tutl fln~t mlti~mai Iamiulip' muu4lindrd.u oil) hiniir.:,:t

sise Irnitt enp oftvi rt lrviblt, Iiiiite tiitining oif bttn1 st ill Ieneut Iil tilt- t% it1  funi't ion pitniK'rlY near th Isv w * lu

Ti.w or to tiu~ ue3 nh-l ot lutuclrkrm b. tta-th Loil ~w lit Imi 111mi.~nic-, its h. tidm -Id. .4g. in.
*iii--r %king l-Iti't ning
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Figures 17 and 18. !n the fusclage seetin and cal for' the finaI adjustment.

around tile motor (oli.ngs, aerldyn:ainc ni'onlera-
tions may ,hluire that two or- imrt hlilp.i Iii, re- ... h Method of Controlling Intensity
l!n."'ol by a single nilot o1f cirre-poinililgiy grteater

intensity. Thriluohiiiit thi Xlieriments herein rf merted, ph,-
ei , eltriv uipiien t has b(een used as a guide in

.. S Alignment of Lamps 'luntrolling the intensity of thie lights Two pl1iii,-
ofl, •t the phintro•ic, type were cniloyed! in tihe

The alinment ;if thi, I:llpls n i : c :1 1:1 :6i1:l111c liid',,-typ, ,ircfit 4ho'w: in: Figur' 19. O)c iof
shoild present ,none ut thiet dificultics ,. lncilltered the vecis iý illuminated by the sky bict-kgrimod and

in thii final itdjastments that were ne'e.-sary On An t• lte other by at auxiliary hitili in the main haup
elevated nonrigii Nricttirv "i'livri, arr i, v,. ,,i.,,i t .-.ig-- t.. : . " ": :
N.ible Iroee tires, and an uiiltfiint- of onc will .-u gest lianilntiter give,- iii ilefleet iir when tile two (,ells
many varint iins. If a level airfield i mile oc,! more arc eqlually illumiinatecd. A Polaroiid shutter i- pro-
in length is tiviilabhle, the airphlne mtiay e stationid vided between the auxiliary 'amp iuid the philitu.ell
at one end with it- tail eieva ted on jaek to tile to adjust tic zero isitiiin (of tlhe ilmetc. after i it.
proper attitude. IHY ::ghiing one lamnip at a time, an proper intensity hits i.cen fiini Fior ime cioniition.
observer att Ila , ppi.itv end (if the fielid (,tin lilienate Sull ste 1tn-n t cihanges in sky brightliess, as observed
the -re,.siiry tadj utaltenti. Poii rable tiii equ ip- biv the ýky phiitocell, Iant he npij(,ilsaied by adl-
ment is uIetul ill this e,,unneet im.n \\Whe all thi just ing tlie rnt istat ;.i the hualii -.ireruit until the

laops atre itt app! rtxiltoit c iii igni. it deli-ate test ilaeter again re-ais senu'. '- 4ii tit anualtI eontrol con -
for horizontahl tinjUilln ac'u i all 1ti I-mllat l1- i~y tuting tetmniplates thit sonic nitinher io! lhe crew will mm in-
whether till lamps remin mil t i anlly Ibright hen Iiti tiin ahi j. wt idstitnt priir to aund duoring the alttrk.
viewed from Ilsjtiwi4 at tiltaln lattt'i.iI dii-tanres Full a.tli iii in I a i-til. in I,.sible by the use (if a
fni om tle axis i. T -v -irrt-s a in'ag test fir vertical -uitable servo- aielianismti.
lidjusimi.et cian bi mib-e hy ruiiing n.r ioieri-ing the lte-ao,- of htoal vitriatiui•n in thr .nrightn-m.t (if
tail iof thl. pl 4

tvn ' t11at. n•ilt' Iilighit 1iK ý.l'.\d' 1 il liih ileI .ki. tile fiehl of view tf tIa( Sky pli.it' ll -t h1 ,uli
alh'ti ti,.'tiv t 111 1 ii.kin1 a rci tprvitimmry a'liiju-- i11 r-Iirelely lIm re--ic'tr i Io the amntulir diveruine-

t  Ait

II'aLI,t•.l' In ,li~; .lg-r% f,r~ 1lW.1 to th T qif nt oi-n. , .t. mw .- '.o|;,l 1,, A -k L--,, .0... .

C",\vI.WI r$ 0.
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quantity of flux is ieei'ived by tile phntoci.l %%)ell andl by scattering in tile intervening atnr, spherc.,
tle limunitati,. ii ts field of view is a-ro' ipi islci! hy bit ionsiderable saving ill power elmi be effe'ted by
niouotitign :an: ',re identical in size with the using a linr.- higbly ;eflecting paint on the v'ertival

phm .! n- stuchl a distanrýi f,,in the cell and top surfact,s. However, tlie contr:.l of the light-
klitt tilt, desirv tielhi tif view ie obtained. A greater ing equip•iient is then niorte comnplicatetd, heealise
quantity of flux and " resuhiig iiý,-rease in tile the ilhluination of th.ý vt.rti!al surf,'..es varih• enor-
sei.-itivity of the control system can be achieved miously witt. the l rngle at which sunlight strikts
by replacing the front aperture with a lens havinz theim.
itz focal point at the. eell. When this is dons-, tile 1"' tilt- i i: rtant aretts visib'.e to an ellemy oh-
field of view is independent of the len., diameter, servcr :.rt painted i da~k, saluratted! 1;uc, :it siloIt I
an! iz, "ain of 36/11j'!'. nber) in sensitivity is se- b,- posý;ib,, tit redbe alie I 'w:r requirements smoe-

cured. Suitable lenses ,aiving a relative aperture of what without :i.cesitating a mI•re compiilicated con-
//2 are marketed as reading giasses. Vith such an trot ineelihasin. It: ,ii case. the light reflected frnou
.!/2 lens, a ninefold gain in flux resuits. *When a such suriace-s will lie prelonitiantiy niuc; ant 17ue
collection lens is no~t used, the photoeleetiic control light has little effect tin lumina•sity. Blue light does
is foreied to operate near its thireshold sensitivity on increase litt' 'ldhr temperature conilerably, and the
(lalk days. greatest increase would oecur on sunny'days when

tlte skA" bma,.k ri Id id i•tnot likely i,% 1w, at t lie 1igth

B' :Color of Paint i'l.r teipratur. , blo..-kv.

.A\ biack si4houette was used thr-iughuiout the ex- ,.,.. The Effect of Crosswindb
lieimlents dvsc iili.d in this relmirt because tilth in-
te•-itv rer(piredl tot ino h tilt, sky harkgr.'und is then IDuring discu-,ionis of this projert with N-rviii'
indh lrindent .f the illumination falling on tile fare Iermnnel., attentitin has often been calied Ito t lhe
of the sillouette. In an actual installation, the lor- fact thit, whetn rre.swinds arr encountered, air-
tii, on f tih airp!a n t hat an ient-my tolser\er vran ster raft wt~uhi not or linsirily plirenI their hleadl-on
tiuring a tactlral ,lliirtiiacit miay advantageouuly. •pvv'rt during Iti atriproa'hi. 1"'hs, teen if the spread
fronm til I tatlidimint of i)k• 'r rv'iuireinents. iw" of thie beant• ws great vneugli tU include the target,
Iminted.•some othe'r color, "l'here is little bienefit to tile mateh with the sky womld Iw nwiiwrfert le•e-:iu
" 14 tii lrtii ;mm 1 pnniNlZttilie t iil t- * on ae t- l a it [if tile ritangt il) ?iIe :i - i: In uW til i e ill. il-I 't.

iighlY reflerting paint. ince tht"t- mirfarvii rtvrivte Figure W O.1J . tilia Iilt- h0twtt1 t I It R ljlkratr 11-24i

Fp l m 2 (Ahuil '4zlhumii1i of h-i ti.-r~.i %we-..- frmim 1w WI oil an Rneigr ul 3D drgnyr. OWOU 1 1w A
aaihmi~r i

Ps0N 'bcI'.w ' ir
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CAMOUFLAGE OF NAVI SEA-SEARCH AIRCRAFT , 19

viewedt head-on. Obviously, anl inataiatiuon ol lights AIRCRAFTI intended to camouflage over so wide an arc ,ould
require that lamps be mtinted along the sides of In 1943, the Aircraft Anti-,uiunariae War ,
the fuselage. Sue'i conipieations are avoided if Dcvcloplment Detachnent (.f the Air Force, I S.
pilot,, are instructed to "home" on the targe.t. In Atlan'ir Fleet (ASI)cvLmnt I stationt' at the 1 Ad
this case, tie approach will be r.lo.g the slightly Air Station, Quonset Puilkt, Rhode Island, requ' st.ei

j curved course illustrated in Figure 21. the aid of Secti-ni 16.3 ef NI)RC in conneetior .Oh

k

~" " ~ ~ O S ~ g W O ~ ' ------- ------

Fict-itit 21. Diagran thawing Iihe con rl Iuiglt entirn thr.t r•tlih..- whien the light h.,.nit art hehl on 'lie t'tri. bu
inn. an r.pgroach with t strong erotwwind.

iThn. eurv wa l p ruvt.l ror th. a, aawi wh-.w. ..#tw v it ,Ia .S th s1 s it alwg d M0 th. plano .

The EffectiveLess of Enemy Ychudi camouflage. They %%vt-,l to inst. i'
Cotintermeasures titeir Ipatrol aircraft -,imilar to those de' -n,. for

the B-24 bill intedced for continuous um. ':1N. iy

The oady effective optical countermeasure stg- ing in clear weather under blue skies. Fil Otf por-
ge.4ted thius far i4 tihe u1e of binoculars. Theoreti- Ixw, the Navy requested a much greater .o:,,,, t:tI
rally, if there were no titmovphere, a perfect pair of beam-spread .. Ad tie ability to match &' yni'.t-

8-1xiwer glasps would increase by eightfold the nests" up to 1.500 foot-lamberts. Such a rsigi w ,
effective range of the Yehudi eanmouflage. Because plexlueed for the PBM flying boat. ate .

light is always wcattered to stime extcnt by the design was undertaken at the Navy's ret i., - •
atinsiphere, the effertiveness of hinncular., is always provided fur intermittent operation wi I t,,v.

tle than the theretical value. Furthermore, the spread limited tog degrees and the male itinv J sky
field of view of ptsuh hino-ularis is tseareikr mnrq hA.ghtnett".v 'et *.t 2,000 ft-hcr Alii,.,.

than 5 dctree , which grhatly ines.a',-s the diM- special traled-beam lampi and the net % t h,.u-
culty of scarth. At the time this project was started, ingl we're devised, no installation wa ma-t. ,,n n
it was tinderstood that the (Ormtanit were using three PBM.

oh.brvers om the decks of their submarines, each In the salm- year, the AiDevi.ant eGsoup at tile
bheing noiligneo to se, arch the sky through an are of Naval Air Sinlir.r. Quhoansot Point, Rhoile bland,

120 degree.. It was stated as part of the original requested aid in desiping Yehudi can-ouflage for a

priijert assignnitnt that the use of this camouflan t TFIF t1,,.ded bomber Such a design wat* made. and
nmesaure would he fully justified if its only result advice was given on several incidental problems.
was to require that menmy Inootts us binoculars Navy photographs of the ewmpleted installation are
rontm~aot'slv. shown in Figure 22 and 23. The first flight test

'Tlhe use ti e.ol,, filters by enemy observer, would. oceoeim favorable tion. Further te.t flights
j! of rtiatre'. he futile unles thrre is a marked spec- resulted in imlaruvemenris in the adjustment of the

tral dissimilarity betwee". the lights aud the natural equipedPA and in techniques for its use. It is under.

I trkground whMic the.y attempt tol simulate. Under sttood that ",nder c•snditionm such lmt in u'-. lgnu-f -.s-;sen special c, pditiarns. pslarising devices would faged plane was visible at ahmit 12 mIlek. the plane
. the visibility ..f the -amouflaaed airplane, tiiuipped with YehuJi eamiunlae eemlld npprieal,

hut thesir special erweitiono .4o not often occur. Q4-at. tn within 3.0W)I yard., without dreeclitm. %, e . .

0 0arth plants- 44uippeel with Yehudli raniouflage can its ap-nrixiw•- :,watiom was indicated hy an ae-
be detected by enm-oy ressar if thr- enemy to willing, r, nipanyinit uneamouflaged phane.
or find, it neecoiary. tl 'sarrifire radar oilh-nec. On the basis of the riemomnendations in a rport
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I "4001b %,q

:2 'no T tA t, 'i. ito h.' , ti~pl'. with Yr-hitli cromoil"Rng dwilloorti to mor"cI the ati rft from' ~iiiil
*- hI.% an~ tihml 11.er at thr 1 rset until tne mwngc 11.1 ect loom to 1) mil".

I :.,y to... - n .W d 1 .1 0 thl. ro"ieei~iww "#a~ R. .Jnve ', I~ that ase ran. w". viwi) at 12 M~l. wh.". the

4.f b.WaN~ 6__..teý . d *jat.. -A

It, k11 -ti 1 Il ,d. 11I" Ow ir" Itom~wIiInak~erlt en :hrn 22-iorr

.IL8IT1l ~ :~I r~ 1I r itv . *1w va ;I rimbi ut Iw tart'wy jn'nalrli.-to istr sv in, kivown.
%i SttIPM1111 A P-i~t-0\1 Ito V IMYAMI. watt atoket ,wither of thow-c ~mvijrt. -Aw nunpitokt(.
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I - CAMOUFRAGE OF NAVY GUIDED IIiLIFS 2

MISSILES lving (oii•tru:,ttl by them under their von~rart wi
thn Navy. The electromies staff of the Research La

During 1944, the Special lDodigns 'ection of the oatoric.4 of the Interchemical Corporation, N(
Navy Bureau of Aeronautics requested the technical York, nas retluested iirvtir Contract No. OE.Ms
as;;i..taice of Swcti in 16.3 of NI)RC in tho. design of 697 tv' ilesign, cotnstruct. ,3t1l install an automat

Ychudi ,awjofliqa,,i m, oBT-1 (;lomh. Because pIhotoelectric contr•l s 'vst vm which would make ma
production of the Glomub had alretady bagun, flo ua! adjubtment (.A thi. inten.itv of the !
Section was requested ito devise Yehudi gear il the during flighit ,nit-ees-.ry. This equipment was hu
!oorm of attachmments which mniiht he insta'leud in the IFigure 241 and field-tested at full scale in :i
field, andi which would enud4 ,l this IuidC1d missile to pretnises ,t" the L.ouis Cumfort Tiffany Ftoindati

a ide

,Tit'. .4w i f IrI .- IW.. O..nws...4.d It .. 0 t :,,* . --.l ,1,ti.4* -"........ tier| .1 - " .. i. .*

* allroch it* target within 0 omwitloo of flying thim. th•-hr Bay, New York %here an (k,4tl) etintra
before hlieeming v•,ibhl. $1r-litural osll arrtniwlynamtie itgEM.r. 35971 (or raaamoutlad firlil luklor wait
diAkultill Male thin J.Vollenlu ipwidar ilolilat. 'if lIowr A ilryrijiiti of the' cmtnl r4tUiltiwnt w,
0olutioC. ie"r' in (WRI) Relo•rt X.o. 666.'

On N\ttv ber 1. 1944. the Irlwlurftmlof I.ftT-I "he wlurik by Pratt, atorai (Amenloany Inc. wai il
Cointiho waso tdiormntin"c anti the Sertomn wao mskotl itt-ruitd m' 0evoral iterunmo by orhanting rrtuim'
aaout the featlaimlity of insallingt yVm, li camloulate liwnt. imnito.,l 1-y the Navy. ilud a han el "
ton the I.HK-I Glmab then tmitlr dvohilopont ho the one-hml oW intlligene by whielt the tltiomb
Pratt. Rtead A Cwupony. Itn.. 10.ep loi,'e r-. Conn. r-m.ri., !:,.t•r tini: n ar 't. Al the tIme of it
tirut. After a wif'l•.•'nary invirtootiglmla hatl tiho. Japancloe. surr•1•ndr, thie engitne-ring hail beeni noi
rhosd that the tIchniral ,liffwutltivi, evoriantelrl in phrte•l. and a opecial wing I-earing the Yebuti lainj
the LOT- I were ntt lirent in thr nw 1.11F I. lhe nearly rmnitruetnl. The Navy muxmurtaiently ranedI
Navy r•r"wqw rll the "eioan ti totaltri-- Coe -ngii ito ntintorart nilh Pratllt. Iead i Coimnpany In
nr'ring awl inatallatwan at the fachory of Yebhli Ithetmy "taking it inlpattihlt for lite ermtraUetir
ramnultamsa ',1 an c•llrimental lJlXV-l. Thoo nrt%,t rcvinliheer the .alhj,.t worck Uf (,'otrt \ No. OFE.Il*
i ta f(awmllierd by AiN l'Prjrctl Comltr- No. NA- 14M. At the mltn ... 4 li- t .--aeau .,: .6thi.. tI
I 1W. In volitimma thervto, an iD ca m-, it'-- ailgrstus rc.m utrittl hv the Intrrheniumal Corp
itEW.ler-14110i wa. lom1d with Pratt. Read & (A m. a l-tim anil by P•rat, It.Rld & Ca1m1•many 1nt. wi
oany Int. for the merhan"icl t• k tig f the ligting itan.im(rrml ti thei \a-v.
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ANTISEARCHLIGHT CAMOUFLAGE FOR AIRCRAF

1.1 INTRODUCTION results obtained concurrently at th(
tion ;h a Ir-lioratory study on the

DURtING 1942, the camnouflage officer at Eglin gets.
Field, Florida, viqited the headquart-rs of See- The Iwibility of further reduct

tion 16.3 of NDRC to dI'seupi, the applici•ation of low diFfu~e reflectance of coffir, pall

various camou.flege measures to Army aircraft. Diur- Of the light reflected by colfin Ita
ing the discussion, it was reported that the matte the 2.2 per cent is reflected at ti
black finish used for antisearchlight camouflage was paint without entering the body oi
not effective, and that its roughness rcsultcd in a all. Hence, a more compiplete aLbor
decrease in the airsp..t•4, the black pigmlent itself would

reflectance of the paint film signin

COFFIN PAINT
GLOSSY BLACK PA

Th' d.v lohment of an imlproveil tyle of matte
hlack tiniplh was r.fcrrrcd tip the Research lahora- In view of the experience witl
tnries (4 the Interclhnical Corpioration, already appeared that the only hope -if i
operating under an OSRD contract OE.Nlr-697t Idanc nvisihbk wi• warchlight beant
supen'ised by this wetitmu. In le" than two %%e.ks, tibi;ity of alteriag the geometrict
the contractor had produced a novel type of finish the ref ectcm light. Whereas an airc

in which, by the use of a suitable plastic, the %mall ecofin p•int is almost equally vi?
partiles of carbon black ane forwne into agglohvir. direction when caught in the beam,
ate of stloikst else to impart the necessary optical glsMi black paint miight make an
twighaso to the surface, the fusetiun of the plastir frest .oanw directiomn at the expen,
beinrg somewhat oimilrr to that of the rtilasues in a somcwtAt mor visible in othwt.
polpon bal. Since the plastic is tranlparent in in which it is vi•ule -i. .i.ý.
orntinary vehicles, this finMh, although smooth by wihitary importame, tht adlventas
ortdinary criteria, is extruiely matte, and hav a ihilt unter all other criruomtance

diffuse rm~etauace of only 22 per cent. Samplers of evat.
this finish wer sent to the Army Air Fiwerr Pro%- The lntecrrhcnieal CoepeWatiitI
ing Grtuntd (Comnman at Filin Fcld fow flitht fo(t. to prthdure a glhwy black 11
trots. having the lowest lpit'bie diiuse

The rftu4lto of the Uslin Firlhl tests it; t.bi roeft wiant a dispee"i. of ashes, bla

point. as the material come to be called. indicated vehicle without exten.wm or fllets
no sigifieant impenvmwnt in eowcalvn". the uteritl detvelkned is deWcied b
o-beorv reporting that airrraft camouloaged with 7.. avid its deadtmngra t ha been i
thim, material "ItJlUort white in a searndlig;t beam." hvr 0'.e e, tror~tme
They were. in fact. almost indittsngui!Ihalle fiim

lamnes ramouflagld with thr ,tandard Army matte s.&t PrIISaSry. Teats at 10.
black finish, which has a diffe',e rvflvct,?..e in thr
neigl.hWl.ewed of 3 pt-• a lc. It wax Pneluded frnm A sampl, of the new material
thmes tests that, sin, a nKbtuln run 3 pet rent to the Tiffany F-undatiotIe frw tfic
to 2.2 per mctt had produced of . slight i"WUV- udltotals, -.Y,. i6-1 t.s, 4f a 8-:
mert. a muTEh greater tedrtwit .. r i: bejprspmry ,abtaimi4l ard painted in toe newr
befor r-meealment in a sviarc.alght beam rould b piaat, uad with the otansard Ai
achieved, This rogachasian was home out by the The mildels were, uuieprntlI rem.
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I -. GLOSSY SLAMK PAINT

SChapter 6. Automobile spotlights and battery- diffi•ie reflertnnce in the ne:
powered searchlights were used to view the models. cei.

From the moment of the first comparisou, it was
plainly evident that the new camouflage was vastly Txt. PRU•.L•I UM'..T P!RWDLE

any Founds- • superior to the matte finish. Indeed, under nmny In view of the fovrable
)ility of tar- circumstances, the glohsy plane could not be o..tp Forcet Pro..iug Ground, it 8e,

at all. The appearance of the models iý- illustrated in extenfsive tests Anil (lem.n-str
Sthe already Figures 1 to 4. Thene ilhotographs, made as illut'tra- oucted, and th, 1* such tests V
,med remote. tions for this report a, a later date, were produced tl.. KIh*sy bIdi k finish than
,iearly all of with the arrangement of lights, camera, and models tories of the Interchemical
rfaee of tile shown in Figure 5. alh. hito wlure with their x
paunt fil. at Figures I through 4 tatw the nioels as they Arrnnite;xns ,ve , made, th,

I of hiri't hy appeared to an o-'erver stationed at or near the & Wilbmrg (',rjwirathun. ('Cicir,lights. .Cn th. sile| of tile model upjlaiite from the ('hetical %%';,rks. mt. Iouis. a
leerease the
ly. lights, there is a point (or pointso from which light Company, Phikldeipilia, hI

speculerly reflected by the Black Widow finish ren- identical in fi'nauilatior with
ders the ptne visible, as shown iii Figure 6. How- the Eglin Fiid t,'l t. "'wrh..

I ever, in tie ea:-e iii a moving airlilmow, thie point available uizrr the tratek
from which it is visible is moving also, at double Mallo Black, and Hhoco BIin gatn, ir the groond :reed of the plane. An obs.,rver. there- e"tablishing three itinrr of

r.in at air- fore, is afforded o,.ly a fiei'ting glimps of the plane. coiuld he ;,riwurrtl by th•e Ar
in thie p•- The sortnes of the tine interval during which the waiting for a 41weifcation tto

,tnbution t f w plane is visible in important, for it makes the target

(ran- evth nearly ianpnusible to follow with sea.hlight5 or vs.a. option by th
twd that a gmT ei.mplated tests w,-n
aft invisil¢e , Flight Teti& by the Army t-o t!,v Chief of the Antit
rendering it ter the suessful experiments at morkl wale, that all ai,-ht flghtors be provi

te directiom Ateo the black ul e were at to cExl tra miagwe. The Socti intm
he of Ittle 1111 lmls ofthe Aswyblak Anih n my Air Ftw4e.,teing invio- Field iol ditht trt. trh Army' reot which Wes Fikl coeering all perinenths"ued Sul""tratly deie', be thle re•ult, as fa llow: ew ad the regular Arml

tht be very opnvt an t, h~,~ ,~*~, ey regtiularAm
N flAt niri n 1%, i n htý,Aittir - the mt~hiret 66 dUrlql Wer jllxtj#t"lN.ertod, wih O..S O l te he apn i rn. At this time, .he eod maicsked. th~et'- "rb* .5#*d1Pdabm e~~l~ te~ •'d~ I • Jdinre)- i-

1s mvr lyt.m lit, V*Wve " th 'Mdwob &t-

-tanm, This "•Vd " tM "ime lit shwit ahf 0 V . fighliter, which waa thel prKt,"
Y kind. The | ,, ibvipb am* of t lw,. .

kin 1wtiw 1 Optically retrolleld oarehlights wer, 5SiJ to be ,A.s Iashw from
M in $dendIo quite unable to And mad hold the a-rplan at all.

Nd the effertiv'•nlI• i c-h- The lo.ndon ?•i" of the

4ights wai rWwceJ abt-ut 80 per rout. Evrn when tieI infnrdM -4 the prujeew o( t
teat plaewas Vetoho Ii" " o aii-ntrl as a rcfult, ethics fromu Brill
iwarhliglit. I-1were 1•-1lh, •n orwhe lrs •Ma l-l O~iy Int," infiste!111'., "Weeraing

Anair an'r - ii n rCM aerutialu•,, overr [ the iWsIgnil and the vollving prMpe l tl he dis.- fnhl. jwimanit in eoiSUrttwins. ,Feeral tingitlied. Thcse reoul we" not wholly uneb-ased i, , asd I
reraft were * "P-" ipot r- r -a .i It E ri NiIJ '* in . .-osmry or reports.i.
3m. in rnlUn Avos P15. 'to S4&.111 kar r... semi" . 0n('1-1) 171. i arPnilc ttw#

Prie lle m,:. Amsv " F Psv%,w ' t& ( ,.O- to Ihe War re•1"ar1n t that
•l 1ble hc- d Miseehlan s Sedan.. Pc-ving

COT'gDINTlAI.



SGLOSSY BLACK PAINT 243

S Chapter 6. Automnlbile zpothghtý find hatter "v- diffuse rf-flertanee in the neifhh,,rhi(tol of 0.1 per

powered searchlights were used to view the models. cen..

From the moment of the first eomparison, it was
plainly evidert that the new camouflage was vastly Tkim PUM'•Ui.LNT PsoM.3u

Ssuperiir to tne matte finish. Indeed, under many In view of the favorable report from the Air
eirumstaneei, the glosy plane could not be o.ntr Foices Pro-ing Ground, it seemed likely that more
at MI. The appearance of the models i.s illustrated ill extensive tosts and demonstrations would be eon-

p Figures 1 to 4. These photographs, made as illustra- outted. and thAt such testm would reluire more of

Stions for this report at a later date, were produced tl,• glosy 1l1& k finish than thK. lR'src. I abora-
with the arrangement of lightq, cameras, and models; tries of the Interchemical Corporation would be
shown in Figure 5. ahbl to lwodlure with their small-scale oquqpn;.:f.

Figures I through 4 Ahow the models as they Arrannir,,ýx.;es WV1,e made, therefor- wit6 the Ault
j appeared to an o&server stationed at or near thie C \ib'g ('rlprathn. Cih-cintati, tl,ý N1ailineir•,,!t

lights. On the side of the model oplitwie from the (Chemical W•rkt.. St. l.ouis. anti the Rohm & Haas

lights, there is a point (or pointel from which light Conipany, Phi.delplia., Il enipmound m3terials
speeulerly reflteted by the Black Widow finial, ren- identical in ftoulation with the 'material used in
ders the pilne vLisble. as shown in Figure 6. flow- the Flin Fiti-l t,.t.. The.s, m'atrrials wcre mhade

ever, in the ease oi t aoinvng aillhlasm, tIwm point availadle uidcr the trade nante of \iblark.
from which it :. vidiole is movin.g a.so, at demble Mallo Black. anti Ithtwo Black rempeeti'vly. By
the grivnd nt-ed of the plane. An oh&,rver, there- establishing three ntauree of a'.pply, the nuiteria:
fore, is afforded only a fleeting glimpse of the plane. culd lie prwuredl by the Army or Navy without
The shortnem of the time interval during which the waiting for a ispeariicatl tam lt IbrelmeeMtI
plane is visible in important, for it makes the target
nearly impsible to follow with seaemlights or v. .' Aioptio by the Army

The etiptemplatrel t~tis were twvrr conducted be.
night Teasts by the Army caut tlh Chief of Qhe Army Air Force ordered

[ After the iturcsful experime"ts at nakl scale, •that all nioht fightmes be prorided witl this type of
sAmplo of the gkmry black e inpih mwe nt t to deli aleamouflae. The Owiua imnwdately infansed the

A Ymy Ait Fower Mstele .Cemmand at WrirE
Field for Might tet 11he 04rmy' repirt which was ild mtW all pertinet details of this de'el-
imaeai suia.ltpwntly dc-ribes tle reults as fallao's: upmemt, sad the replar Army preenresalet promc.

Oft -MM aWa sie m1b# :hm!,y 4 the m"imjte hlmo-i shre wee inotituteld.
| * 0%U t U M '"hee tidi a a t s, M o At this lime, the code name. Black Widow Nmj.The ,.taadad a.t•,ae esa,,ub•is4r k imhb m • •*wth'eq~ -
F iThe 10001 ts•e &am the on gqujots Ta ect. was, 640044l In nweitloi of the P41 night
S04-lmer *A bleek is - all* is l hmys so v, fshtr-. which was the lnot type ,f aireraft t, hr
but d4m A 466, Iuwe ,Wi The l is s MA m o aimi this aattssrchhlght proteeisa.

Opirally eontumllft swarehltights wevs maiJ to be 'Y.A Imlsq ss hrm lMksini
maquite Utahl to Aind wa "ld tha a~rplane t all,
an the efeetl••eem of omdcr TotrWl o IeAM Mistioa of the MSbD had le. ke
lights was frdUced aiamut S0 per "et. E•v'O whi thte infnIM4,4 n the Prowbss o4 this d ,reVelqa.tte. a&d.
1t#t plo was held in the beam of a radta-e•lmolkld a a result. MMe from lrittsi be".n %U •re•uet
etarhlight. S1-powr night bit.culars enabl y Ira " f mtwlnat"w nrt .r*1PU thW e l *t(.irt4Wma

the insignia anM the remolving propeller1 t- he di ,.- fAn , wmamrily ia raneeim with night-boabing
tingu"W. Thew rott were not wholly .- omalwams bword Ia FAglsld. Inmam -ich ai the w-

I mary inforlnats•i cwisld oel be Ja!,

Arnie. WfW No 3441414 AAtP P4 Pvmq X - M \n I 117.
P-1 r-em~m:ss. Army Air Fe"e G ('00. to the %Vqnr Drplrtmet that the Assilsltt "hief.
1"W' KOM rWk. F(oi.h MisNMlls s 1Aroemng romund Comma A.

t%%'E1A
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246 ANTISEARCIILIGtIT i.AMOIJFIA(.k FOR 41iIIUIAHi'

* he ent toJ~. ,i ni a "recM:in a to arquitint

buhi th.' AAi1 and thlt I{Ak1 withl ti h ij ew canmiat-
I,~~ fl~agt meiasurc.

Th ais wa~s dlone, urn I ufriug thle four monthis he

Wits t here, t he app1 iiaatioli of th is finishi on it h.rgu-
number of aircraft was 4uJpervisuil, it routine schwal-
tilt for refinisiling was "-tahlishvda, ma~id arrange-

- .. ~~.. 'wnt 4t for suit~ablepraaduotimn tw-Jiti.-~

7.3.3Use over Ge~rmany

mama * I Secvtm, dIiPead quamarters, Europeal n nthaeat r of

& Jierat imis, suibject. .4jiicniora and fObser, ititoi
Of Antmenrehlight a pn( ifimaflnae in E.T.O., conitiainls
Ilas firmst indic ationiif of thle effect iv~eness of thl~is anti-

AIthou ngh o nlyv ra Lati velV Iit,% hobet I hii an d been re-
filu shed tiat thle t me v hat t his repornt was issue I,
thI cr h adi h eeni enotaigh instimuees (if effect ive pra tec.

5. rrmwi-u tt iim-ra fglt, ~il.11,4. lion agza inst uneoiv st~archlIiglats to en ab le t he Va aiort
si-ty1."41rtom~mruaiamiiquadaiviar. AmitS.iit iia.i to tuakv aaigmuittimsc of the auiI~mproeminmt iii t li, minii rid

34 ,,d, 7 of *.jumiaaroy pin u Msi~Ilark W~ta'idw finish

*. .b t"Ibirtigau1. Uf Inidia~t at, 11.1 guitryAft £howk. ,pint frfls1t'c .jrrcualy.a hir Work Witiaaw tan-h (.aald.
m~ iadai *" thei phtir t i th w 1wtvae ibh' uasa. -i r awl th. p~m'vllmtgts. Inm the' .6, Of a mut-Itmil Plana-. "~tit*.

-.-. a ,u. .. n.ai un *aOt* fw .1 ma iN



FOqM1IIATION OIF THlE BLACK WID(YW FINISH 4

m:.?u~irie fr(eti ill, Pacific zthe in
t
h"Inrnt lIitcgrzitti I, l f' III"s t ii i % iii i '

1'. I. ir F rt-s satio ed li he P vifc tvutr-ý, Zer if 01c total 11 1 piit rvfIIevi(i twx.ard the obiývrvt'r

oil receipt of tit(, rvli) rt fromii Eghin Field iventioned (('liVed from 'iilie parlt of the( skyw xhicli thll plane
aboiver o uestv!I t('itliv'ili assii;tilntae ; volen th obstructs. livemin i' tle spave( bei nd ii til t 1mei

wvith 06j, iie .. iutistim iirliglit i'anatiflage. A colla- ligh~Iicd by thitsvirdiliglit learn thi. obst rivtiti light
sideritt'!e quantity of t u:i.ii-mit, iiý,rviltr' miiiir ,i ~i~i i e~i' ili' lri~ivle h
Stveefnivaunom' prvintaiu' by, W~ri-tli' 1'it'l'l, wllii 'din I Iiigli', -ks. Tiiier'i i'v 'zi'ri r('9A'i''(' i glhi, 'i%: lii tit(

iii~to th t-fair lii tew turs ti d froiii l'.iigutitii .l It itS l-i r iiizl l it V is Iit tit(-cl itje [ tif l h ig ilt in o ved i !ý

Srtl ic. ntor hi i eur fa i IAro F rE'm ivid eiv 'va a-t niineta i iii'<Wh' iihe~rlnr
war witq I i .I)\ v iiat l n wer lleri 's e I if the Va i ii' tif F i Ii it I I ' . e va enk 1In''i IIn en t fi r I I a dlighi gt invl e I I t r'v ac i -

S ervic ue. I liet i %veavt ille A ir . hI or invothel inctill~, ; itv .Ht owevert ithe rvi'att' 0i' i . 4 tuit iv a!

twa' w'ieth Japane wivtie aptrised of iltlit alue of Itrc ". 'is wvf-c thu-cl ei o h hn ag tila-
suIhetII0 I'iltg hunvtml ti ll,[ lists , o iv cl Maiili~.4tItI II gIIt:2Jll t a \Isoi!illly v Ivi~ .'ii ie
tilet Ilyivtioni mid vv'eran itli've jIl II'ii the fiii' d~IOHIiTO O 'I I.C .O

tBeca use'is ti'lt- tope lra tion liomituiot sIl tllt, 1age wit'ie ~ liii t ~ .11ie il -llii

1111 'iwter irtin rca tinikei ire vj thtn~ exi t -i n Europenitill, FW 1 Nlii it ;ýtg I Sit tt 1, 11 t. )

sitllins Anud Ititwi.'etj, ii utqin 11Is ou mItirs 'vir iidi' 1: L p i ii-iwiiI u litili! ili ii n2i

that es maimc b vulart. timw eliile tin' ofni tihelaii aictive tOMUATO OFTEBAKXIirc

thaus PTillI Bv IAvI(I broigh ot1: adliI.A(K which '.....

tnetc %\IuIrI(It rnititul egnot k-.1 vitlpi:vi fllo .~.'Il( lok Wido\% tiil lh* li'e in~ tid i~uti may 1 i:ý itipru aud uii c i l

I-ikllX Ife 11r4--eitust- wIttl l it tth.ite."1iiti il i IhsiT motn'o . 'iuii I itt .IONt (if ýtlv llý 1.4tii li r, I isth - Iri'u iiI'er
1thow e put 'hdi tilt reth'cteit light C. i moiI h unImt' 'hittvi- t'lio in I Z0il tiitili I't'iitliu .lcl dr ing 'ry it.t. il

ntiohlt Aurnrl lis Setion Iiviirrirlqmotvirhw itr bice mull Iii nt it f~ir.'l 0111 :-1.11 ni hi -litr slmitnog' int.Ii'iveei
IA ir F rvctltW i'~, ii~tr of wnnpu' k iiigeh.Mr 'I Gum eciit iih 1, i vgll (1ivili r til -1 d Ale' iiWh r- ... lh 1it-

tccjha nuli .t vhis nult'ru.h t ghe-. i tiill i'an e. ih atixivi' tilt- f imu a ,. ii iii iv ;ivicvi- thiti rVttlfI

th' i'icihgle "oni tnI. Itrii Iir e Ir t I , t - It I i rI IIt ,igi i' i v I% Ii Iv t l i II -. ii r. lee. t

reent ~ ~ VV*D. tiltS Tirtt- h411." art vi'eri ieit - i , ii lý o eu-mit :e .i r 4 .jit'l 1110 - vn~I lIto..
itli~ he '.hp. :~nl vi'ilik- uver a wie1 the~g al- I'vir llue' lnrji e'rit fll', i t.k.uw. it ui!, o tiye.-

An air craft la noin. Th' lriutit r.i l %%till Ifu ge' W idow ~ f i',' tilt lrfe ' tillg lef onevtin' it, 1,01 1id I 'alki e' pi e'*

vli. mi u i~tth li *it- 4crchi ghtud li-it i tlirigh tni'. iftico lnjiri'pt ~in l. (1)rviti div llidnioe itt .wl of tilt
I '10W t oigu bright a. %%t l itii, th te -liintheauit -416p Ti't~ e rv ,invtl , '.1 *tiun'. Ili th 1ini'ri rt r'iii tile voiver biie
titt meaduiu'rritol r u i-viv ligh-t i tail' il tlt :m n t, I titioi- n t ilta lite ifnIm- ~ih t uito roih ii i' d t W iii Lnrtlii ý dita~'ri n hei1

~~lght n (thwedl p tilt- mirr-P i ke Ir red ii of a t it(,en I Ii. uti. it, iii l~it rt~ I li Ii ha itrk W vI t iii 'iv ti -an; a

If ~ ~ ~ ~ ~ ~ ~ O FD ~ I niuil ,iir~lIvrvI . tlli.P1,1 n ,11lil.Il itn ,tld.- - v .IN



248 ANTISEARMUGII,;HT CAMOUFLAGE FOR AIRCRAFT

In preliminary dimssi,:t ,.t.1 ,- A ..... 4;- - . .g . I...-

Forces Pirtving (hounUt Commadm, Eglin Fie!' .
Florida, a preference wis t 'The composition of typical formulations ;s asFlorda.a prfernee as xpressed for the syn-

thetic enamel type of lorviu!ation, which prontiset I flows:

to be the easier material to apply to aircraft pre- Ty'pial Mhak ll'i,itwu Li'q I!

'iousl' finished with Air Corps ('tiouflage mat.- Inirediertts Parts by "i'elght
rials. For this reason the enamel type of Plack (-arhon bhlaik (high 'olor) 5.0

Widow finish was the first suppliud. Subsequent Nitiocelhulose (low vis.osit.v) 40.1i

events suggC, sted that Black WVidow tinish might not Alkyd rv,'in (iononxi,x zi " (..
Plasticizer 10D0

le applice to any eonsiderable extent in it, Ilthfic°- Solids 100

tion centers as a r'VIaint jib, hut would fisn'l its V,!ttjl., Ia'quer - n.f, ;zi 'il tutu -it 225 0
greatest tise in productitn as the original finish, Total 325.0

where rapid drying is of paramounln t '-iportance to For spr:aying. thin 3 p;trt- ;.b tv with 2 :ilrtl of ltacquer
pernnit further work on the plane as :11fon after thinlir.

taint i n; ,. llossi:-it. I'Vhen Black Widovw finish i: 'T'ypiclc lWlak Wi'1, w Er.',t
shilvd foir application elsvw %iv-v. tht, grvater stol- In i,}k l ie PaIE '•l:rts IY vmi, t \I ,U'l

age stability of laehqurs as !tomtpar'd with trwiels. Carbon

particuhlrly for Pacili, areas with thetir eonsiderabhl .Alk'yd ru,-in (aoxi hizingi tvy') S4.5

transit tilht's. finrthli" recin mnieioIeI thc laIquer Mim,.d tliiir soltition -4.0
type. In adikt. in, sinve p~ainting facilities tire often Solid& - M~.0

i'rude aoi titie is itf vital importance in advanced e'tlatil, sotl tnt tO.t

tathters, tflt hltaquer tyvie will he in itwlch greater

i t'it!w j. 11i)th foel s, r i. 'c,' .r rrreh'r attention For s• ril 'inuw, ihin 2 ipm, :-i ,., dh I I t ,f 4 na ,l!
h~ert,, thi.,,r.

l~ike all cominjog Comlpoitit"-, lBhnek \\'idow till- 7.. APPLICATION OF BLACK WIDOW

ish ci onsits of ;tignitnt, vehicle' amid .tl'elnt. ('arnPB
. 1 ..,,l I... 'k,,11"1ihl t ý : l• ilv' pigl-111.nt, Itlll i l'l ' e '

fith dilc-itd i',-iu:ls, wvill lit' oltaini ld nilv frron t(it' , li tfit, aliilication (if ,ither the lai'qtuer or the
I lq htoquer grilits of carliin blark, sellint in the -unaulel tIyw it, Ifithk Wido\l finish, s'ttnlrd indus-
nrighlolt'itiol of 50 v ...- 11ld torve Ixr piouni, The trial aiilti.• lir,,i'44hlirv is fiolliwr-, Ni s!ttial h It,
gn,- Ihhiuk- rt-'iiett. i i ' t r conii.iiiitintg riilwr ' j lrllr, rel' 4 tirtw. Th, htcvouer or ettaicl, as• ho

"w:k, n:! "I" "I. :a tltt'r, caste may Is', i4 tlmn'tl I, flit, 'ritter c/iiisinti('ty

tlit- carbhn black clh,,i :to ttt Iw.. 'try wteI ili - for qirity'illir l anpi aedl tIhy ieanis of the 4praying

itersed I I n te if seie,--I higl I ePiient 1tt Ith is fieailitie, tiiith Ihih Air 4'. rps service n t dlatioiis
knl\'im n ti-i lt' art, for all,\. v~lll (i" of n, isliersed tin, C-plipilqw I

hIitnk will mtr fli ti-fwl titi.h . I disturh li't' de- Wh'en it r'ptititt jol o.' r other citittitloge i.s nie"-

sired low-iiffuse rr'rlvettt -v. t-s,.nry, it its not Ii ible to ovot id file snifing t(i itt he

Ftr IhlInk \iio' lacit,':. " v!icivl grncraIlly ;I rviiiu- Ipan si Iinte eonvtentiinl minituflng fill-

sronsit 5 it io I axt u rr i 't 'f tl',' gr hdes tat nitrv'- i .lt, aire yti n ; irati vely' \' v rtigli and Iir-ils tinlt
,ellut•It, aon!i tie or iImore' . ic'iii rep-iw, In life artitn n lt nt, pd (it receive a gliossy full coat. Tile

t . ,' ]|hick Widow enttm ntele tlet- intder in the ,i Il sorfavt'e is first stnded Istilt'th with Nit. 3201• r

chit It, is mttltits titt io ee oir i•,t. resinls, rhi.en hit No. 400 athtriutive alti r anil water. Ti'lt sitlnt wh;rh

gie iit t i inination flit', diired Illthtte 1i roiN.rlhtr t iy left ltfter tfie wat Ier stntiting io care tuIfulky t aili
i. tfit, filt. T"i arcelerate h it.. ;;ir-dlrvinyg o,• i,.. T he Ti1a1' it ' lila' o' W\ih la n i'. t l l. 11).
vikal nvI rot.l trol , nvet'litr',l' tiv,ttitllir driers. a•rt ,.t~aijt rd Filirltvinit niethilt,.

adiled. ()n jitis old otir new. Bllack Widow finish iteed not
SuffiWient .o . nt• n. ,lit: .ts are tillrcnit or Ite ;.;!i'l t,, the iltiri t'ti, T '..oi'- 'Th-- bl.' l is

atddhd tit ftl coatming nit.' , t. i tt\iit tert th imi s, . -- d tltt ;tit tiortir I itr-i :tnv-i :ir. .t hlt et' -

to hlie prolptr etnsitit,,,nr ftil liet st-Ihtld ni'ethod tiirtrtrs it i( lit. %ay lit I tlit- . WVhen viewedl front
of appliration. itchow ,r frontim ini- liiy hittirral ;timit . on!Y Int-
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9 •roki ,gl•t•'l. i: :.y . u,.'::r.s -:!"'u! wresent them- Like all laequeri anti enamels, Black Widow fin-

Sselves. ish gr'iduaily sho%%s the nornmal cumulative effect, of

The top insigne is left undisturbet,. The identifi- weathering. After the equivalent, of a two-week
cation insignia on the bottom are complnetely cov- exposurc ir Floridit, th" spectral reflectance, of the
ered. The sid-i insigne is usually dulled by fogging cleaned surface is found to inlrease to a value of

with gray paint or by a light ptis of the Black abho:t 0.5 per cent (aftcr the gentle removal of the
Widtiw finish. seVIiui Collected il this period). Contlitions oin an air-

l)etaihld instruction- fur tht. apj licttithn of his filtd atnd iit f. ilit irc iiore rigirouis thati st'idn rd
paint are .ontainetl Iin Headquarters Army Air Florida ex)i•t v, for tihe ,lo ils (if hirasix, di st
Forces Teehnical O)rder G-7-1-1, which also gives •tired ill by p irotell lrý on th le gtround and caked in
solne informatiion its to coverage inad proeua ri•itnit. wet wa atli(r o0 idie aireraft s rfaiees, tinl! the etor-

h,'ve ll $ a11hed V0 1 1111111., lhul m. mi, ltl pit'l•, o•f till- 011i, Ii ' It llith *hfftim' wl'lm.wi 'v TIhi- dhi.,tril- Ilw, im wini neva * I-(

k',,-tilmjt dh* Hkok' W i'di,• Imiil~ r':ll 1110d ,.thi-,,,•, ,pll'l|tl r iki'dilr*1- ilit' 411rl-4-11 14 it' N't-ii~ l 7 7

MAINTENANCE OwF "IilE BLACK Iti-i\', g:.l. dlimiltilel ili pro"ximity it gui iititt.

W IDI)OW FINIS! ings. It.mten tili, ,h,trawtti m of tfit dtliratIhl 1,1%v
ltIleit ii'a cc It ii lwirts trherfore ci idered v-,itential

mlolu st imiportant attrihlte tit Mlark \\idtw that meiiditi.k for tile iitteiilaiic ti the Ilw iV-

finish is.,, tf oursqe, its rx•e'liti nally ltiw diffue r,- I- .11l-eiie itti llack Widlow finish It,, investglitatld.
liii'rli3ce I Figtire i7. With rea. mit Ie rare in the liiied -c itll a It111, " ii tit l it•ll, - .

4p lection of raw materials, ais ot it eil in the tire- \'aviti.is litli-lih.4, waxt's, 11111l reju iluat itco ., it

cediing section, tilte tifif'ci'e r noellmnc, iv reia hiy kept sel tf 1l tii'l net reel tfll l ikintitt it in waw forliti-

it #' a IVill.e o)f (1 ; ' J.' 1 " r I or lawer. %int'e iitirmai- Intieil fitfr liintenitiii,'e init oll:,:i :r ' inl: w' , ' !cr

tion ctirerning ineitlt tif timnintainilig Illrk itvly ,.. t,. '..ii ,tiililie- Imt :tili;tie lttle iwl ih. nec-
WitIimw fininh dtK-4 not iatpwar in iractivalile furini ieary -ir it-'atti m :

S.....elpowl ire, it it inmliletd in the following pairagraphi. I. (itn a frith .!itrfane. whet her ,i f he ctnatlel or

C()NFIDIENTI l.



250 ANTISEARCIILIGHT CAMOUFLAGE FOR AIRCEAFIT

lacquer type. all additi,,nal treatment results only sandin llhiwed lyv washi li. Tifc Ise oif htow.t
1a1 a finoish (I ira reased ri'lieetanie and diloulki thhere- over nain (I or enamel Iovei lacquer for this otdih-
forc be avoided. tional full coat is to bt avoided, its the rcsultant film

2. For a fresh finish whi,.h has becowae dusty or will -Iww po•r adhlvion 6.o !ud, th the i use of
is i'ovire, I only superficially with dirt, the best pro- laciquer over enamoel will lift the coats below.

cedurim foi, rt.-,toring the original lo" relltertitnce In crmbat theaters, Ihtiweve:,, the iiecessalv iil in-
eoasist- of washing away the foreign material with ment andi tine ;or tli (xc:utio• if it the . i,,h,,-

a iil Mild t trgent 01' stlf cilltailjting at Ilillinnil, of tiols above are fl0: nlways avil.iif. [In th,-eo in-

alkali. , stalnces, ('Ii ilrgent(y measurer.. must be atioIttet fwr
3. A mildly weathered surface may ble brought, the rejuvenatio n oif tht. surfaces whic, tire enlcro-tvi

back to a sat isfactoirv low level of refiet aetae Wilil -with mild of mtrred 1 by v itzz i' hblast and engine t(x-
ti l e x:tre miely mild t a brasive. In tie clt ast, of a lah tquer lI ust. Unlder these co•. ,!itiiin ý, tlt aireraft i- firs

finish, the rteaiectance may he Srik further reduced washed th'riughly with Wiat er I I om a st.an j eany.
by applieatiion thereafter of a waxy ,opi unit with The temp-.rature lind pressure of the watter useti are
:I soft cloth, while clare is •.:kena not to !eave any ,odju.tv!, to r;'t'p with tlt- mud erots. ':lap may ht
wihit etid areaA of exvevs wax. l' naioel tillsh,,s, how- hlhdet to tilt water to assist in its detergent actihp.

ever, are in generwrd stilttr than typic,,I laefluirs, Any iuil I-pt- whith remitun aifter the wpAshilg hait
which makes waxing of the eminviiut uniesiraldb lie- licen Inphileted are then polished with wlix free ,if
cauise it in trout' es frtsh suratches, abrasive. If wax ,,,, isa, i,,t vakiailalth., tlt,. dll,,

4. WVhet !t '!.:ish has htecoive bjadly abradid bit Spot liy liet' wipef with llhriiat ing oil ttr hivili:nlit

-till ilt~i.*.s of it continuous inhbrtiken film, whethter fluid. Stich treatiniclts oay ii•it. iif cOiii r-. m reiote tw
,if lacquer or iof emnatii, it is first ehaneid iif ill dirt. non-pi cular reflectance to til- dii-irild hlw value hit
dust and ithet forciin. maoterials by wa hilun with a have been found in prtti'i ht serve ladeqatellyhl

miid solp antd water io by clhaning wit I a very under tlh eircunjstautes.
nulih abra~i ye, ,il tilt- entire surface is theni re-

ju'veaated Iby applienti,in tf I very thin c,'oat oif (O PERAIIONAL RESULTS
cianel . This new% -oio mno lite applied with " a cihoit

soatKtl with diliutedI enamel. A diluted lcluqtler comll- N..nirtius inforlttm repirts of the esultci's sfiil oper-
plhsition ljiit so ia~dtehh for this pulo-, Itncauist.e, "tiomld ute (if Black Wi low camohtlagte reached
when used, it will dissolve \ the, lcutemr iiat pre- Section headqutrters. In thet opinion iof the Sectiion.
,.iilsly applie, i to give a it inish (if e•iidherhl00v in- tlilt- evolutinn of this caonlitlau ie eajsure Wa.- ",

ireaeid I releclkjjnecV. ()I
t (Ij1l ol, it is t'.uc-li 1more mois imlpoin'rtanat cntrPiutitin to tilt, war effto' . If

diffieuli ts apply than a, rtjuvvtllti!1o: ena11mel finlilu. contililnly 'v tiquotet figures reg-arding t liet' •t ofl it
A 4eond,. adhitiomnl rejuvenation viam a I c'y he hliiher nawl its crew iire multiplied hy I at, number
applied after weatlivring of the rejtvtmn ted finidl. of honlsers which spiwaur tol have twin -avdei. the

a If tilt, lacriter or tmaulel finish i6 hroki,'n, tital ut, lwittircs by the (' :mIiilige Section are

ui utied, or sii hailly marrredl that it give., mijsitis- ,iwiried to lilt- iek.int otf insigniiirane. After taking
faret, ry rekiu It when t reatedil according to tilt, pr ive- tir'rotuiit i f, lite saving in the livv's (if I xil-r crews
lures outlineilwate, nlitier full finishing rcat. lendl of tlh iissible increasse in miinihhg efticcii'
,'uolliarthlil in thickness fit those which prcrileil it. which resulted frum the tulse of the, Hlack Wielwm
is rr iiiretd. To reproilucc lilt- iriginal reflectacl-t lit:sh, Section 16.3 (i NI)lt(' hIis ciome to fel it
I .. arat Irristirs, t tic' fito )w rcrcite, sihmuil dcrp :ense of pri,,t in lhe ilet, velhlprent if this eim-

1 j ,nitiiiooth, which i t'itn neret-ialtAtr ireliminary on flon e Itvas•tre.
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AiiENl)IX A

VNa!ucs of the liminal vontrat of circtlar iarp,'ts am read frnmn a larg,,-smeal, plot 4,t Iigurt. 35, ('hapter 3. The various
values :f the angular subten.'e f the target wert, chosen tot favilitate the priparation t he nonrographie visibility .harts.

Angular 1 IN, \ I, ('CO N IT A \ 1' L \ NM 11 ', It T
subtem,.
of targp-t
tlmintte.) 110t I) I 0 l -WI- l)-• 0•- I-

09 (I (3272 W ((272 0 00277 0.110334 0. 00534 0 0303 I) 9624 O. 136
340 4 10. 1M272 0.(1)272 1) 0277 0 003314 0 (M11NMI; 0,0112 001• 1 0(137 0 140
340.0 1 0.00272 0 0,272 i (11)277 (1 0)03:1.1 01 M4537 1 I 0V 0 o:00 0 (H1,31 0 140
323 0 0111(272 0(,41272 0 H1t277 0 V)11335 0 00539 0 0114 1) 0314 o.I0W52 1). 144
34 12.1 0.110272 ) (111272 0 lN9277 0) 111M:4.S 0 1;11H12 I t It! !1 P .220 01 Ot-64 il. 147

293.6 0 0101272 1.00272 0100277 11 .10335 1)01144 0117 O'432,% 0(71 iI 151
291.8 0. 00272 1 0.00272 1 0011277 0 1133,5 0 OtI544 1) 0117 Ii 0326 0) 0679 0. 152
2140.9 t) 00272 0 0M272 10.10027S 0 11171 ).% I )0,1t7 Il) 0 1 19 i (10 11 (0 161 , I 01.It

269 2 0.10172 0 1100272 I). 00271, 01 tN1335 VA. 1• ,6 i;i.'! 0 0:W45 0 0703 0, 159
2,M, 4 0 001)272 0.00272 0.0)0271 0 110335 0 (1,)5 0011121 0 (13410 0.0716 I) 16.1
255.3 0.1 M272 0 (0272 11 0027S, 0)1 XU335 I 0111553 0.10122 11 0341 t 0721) 0I 1414
2341 '.:".72 It )11":.72 11.1%1271 It W0336 t 11055$l It 11124 0 03.2 0 (1749 0 ! ILI
226 9 0 W-272 1 t 1,'W272 0.01027K 0 1(ti.; 1) 00.562 0 0126 111.351 1 (i 10711O) 1) 176

215,3 G 11W272 (1il0272 1 o I 11 0 1111M; 0 005115 1) I 12S (I 0304 i t7(4.)l 1) IS2

204 3 0 00272 (0 010272 (I 0M279 :) 011334; oi (l)541(1 w1.111 29 I 037 It 0 ,IO t) II ,1(

1 98 S i. 30272 N112 0 272 0 1(H2711 11 t(3.17 i IN14571) 1) 0)1 N ) 003716 1 ,INII 0 191

I15. 7 0 ((0272 t11 0)272 ( 41012791 W (&11( 3 ) I11575 ( 1) 1:43 I I I •3,", 0.10(4 40 21 Xt.211)

IS4 6 i 1(X1272 1, M272 0 100)279 0 0033S 0100577 ( 111133 0 (13'1 O• i i 1O1,42 t ;,l1

172 3 t 0i11273 0 W1273 ).1 r•I9 0.111)33t I0 i M 1 I I1136 11 OUR:iS1 1 0.1,75 ) 2111

171) 2 0 M11273 (101273 t 11)02,79 I ()00)339) l 005,2 I ( I 311 0 1!4311 1I Oh)0i I0 212
16|1 , 0t 00273 11 I11273 11(711 (N 0 101340 o q0 11i, • 1113$ (114111) 0I 01)17 1t 2241

1& 11 01273 0 00)273 0 1)171273- 11) I03410 I ( ,1)59 01 01401 0 0(415 I0 0I122 It 224
52 11 0 0 (1)274 'I 111274 (1111279 01111411 II 11115113 1(1(1(1 111422 It 094W I) 2310

145 9 0 00274 1 i1Y274 t (1i1279 0 0il0341 o ((IM 1)1 0)143 11(4•30 1111 M1(3 0 227

143 d 9 001274 1) 1 )274 It 11 9 r271) 0(00341 t 00(57 1 1(1144 1 ) N34 II 0973. It 2411

1340 2 It 1110274 1t (101274 0t 001279 It1 M(1:32 I) 0 001013 IO I 01411 11 044 11 8 I (l I0 251)
IM'l II 11 (eo74 0l !1"174 V, NIM.)• t :k~2 0 111 U, NR (; 0146 1) (i'446; Il I IM I 1' NI
ILO) 2 I0 (111275 0 111)-75 It (vI.-Ai i 1101343 It 411i1 )11 0149 it459 I 1 I904 I i 259

t*27 7 01 111175 ' 0 W275 01, oii2() i1 '11313 (I tUHNIA 0 RI Ilo Iti ()1461 iI 1114 iM

I.1) I It 0110273 0 111275 It 111102,M 110344 It 01(I5 0 0(153 0 (0476 ii I1410 II 274

117 5 0t 01127.0 41 002711 o oip2mli 0 0011345 1) M617 11 0154 10 04A-2 1). u0 11 2m4(

113 8 (i tiW276 (0 011276 o 1r12111) W4 1iii:45 0i 1)11421 01 01561 11 0493 ) 1i13 0 i 2%7
1117 7 0i (ili276 0 00)276 n) (11t941 0 OW1:1(7 I. cI((127 ii1 04150t I li),• 0 IIX I) 301)

liOt A. (( i ( )1277 - i ill277 01 1(((( I 0 0( 347 It Ol12 I I1111ltw ) 0 ((5•i I I I Is I .111 1
1012 1 0 )1,'17 1I 001.277 w.11i,2,4l 0 W n0341 1) (1111134 II 01113 11 08523 0i 122 0i 313
9t 34 o n(277 II ) W177 II 1) I (N1 It 0 00349 1 ) 01111131 0 (1165 l 05311 4 1 125 (I 323
'i7 211 0 00!277 it 001177 0 111i'.•1 1) 00349 0 110(631 1 ) 0'14 1 11411 (1 121I II 42A

92 14 0 (00V27 0 O1(27(1 (i (X12M2 i (101351 II ()46 11 ((l41i II154 ii 131 I 343
02 29 0 M1I2TI, I0 1001279 ) ,I 12i2 I(I I1351 II (l146% 11 011119 11 1(512 01 132 11 314
Kq 41 0I 0*i7' 0 0i0:2717 i (iV192( 0 01 = i) (X1152 1 11172 110(572 0I 136 tl 3A
M ,0 (( 7( O11i71 i) (1112143 Itl. 0 00=1 11 ( 1101175 i15(41 U I 1139 II 371
X65 In 0 01t.)1m 0 011127k I)VI 'm,• to MWl 1) itxll9 01114 1iTI ) (Olwi 0I 1441 0 371

%I 7n 0 010271t 0 01102701 0 011il43 (((111353 0 01W64 0 0179 0 I(1if0 , 1145 I 3"4
MA)t 75 0 0IM179 0 .' n , It t21 4 (1355 dt (0 OnW 7 II n 1)1 1 1110007 I) 146 0i 3499
70 IN) i) W2l791 t! !r,7Jl it ltl2%4 iit i•lk ,:i Ul 01144 11 fw-,tv 11 Ilot it -1

'44 !-VA U W9 1 (WI 9 oi1)Z I) t i t146h II P ("?( II 41147 1 0M.,4 to II 1Z-7 II 422
71 7m 1 r (im)111; 0(O02(4)0 I(,IK5 ((161) i1 )t" (i oIIlll it MAK 11112 l k43d

5447 (10o(w,42 vin 1'(1 o o02(l) n tvr 03to otm 11 724 0 02(0 0 CAM7(1 00 IN (0530
&S 31111 0 (t12i (01( 1 )2(42 0 11)2,40 14 1 0 11)31 0 I))725 I 02110 i0 1(7 ( It 107 1) 41K
54 470 102).il: 1 011121.11 0 Olrl2.li 1i0374 Or 11 0t 41 i1)2(r 11 01110 1)0 117 *%1:
62 x.% 0 001.l91 o a rl1 n 251", 0 IMP- 0 m 00Trit 0 182 0 &)1
Ml 73 o oai t nI'~ mr ni, txs or"• MUOi1• 0i 1174 0 009J~ o til k" 4 1)I itl U 3I 3
59 36i o oDx (I o rinl o otYrlwg o timm o OiTnm o nilO 0 (10.117 0 1014 n A!41
54 47 4 lO , (10:2144 v 0 (XV-4 1i WW I Oi(M74 0 (n741 0 0219l 0 OP n 0 •'
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252 APPENDIX A

Angular L1 1 M I N , (C(4 N T It A SI T F ot) r - I, A M itE It T1 S)

of target
,minutes) 1,M .440 iO (46 I t i tO- (O+ 1 ((10

54 ,3 • 4 o()42K4 04.01l2M4 0 o(12W( '4.4444:474 44.44743 1.0o2?0 o 017418 0,2116 0.541
•,t .ni 4 :;.44',2,8, 44.3.. .8.4i02... .. 4.17S 044M)7,06 0.0225 i 0.0950 0 222 ) 4427

.19.69 0 00286 1 00280 O 0M4293 i i U'HO 0 o00783 0 0220 0.0S74 0 .?x 44'.(!.
49.06 4,M2)fi 0 00(428(i 0.4294 0 003S2 OiW774 0.0233 0.0,97 4 02364 6473
46.1 4 (AMUK27 4 4x12S7 0.)(0295 1, 00.385 1 0 41)7A2 0238 o.0926 0 246 0 704
45 344 0O.0028 0 (4)2X j 0(4O294 4) W 6 04;:ý6 A4.4M)785 41.:)240 4.4)9444 44 250 0 .721
43 07 4)4.(244) 44.04721() 1.M4)2148 4 M4;•4l.) 00)4802 O) 024WW' O092 0 265 ) 167
43.00 0.(1.4422( . , W44421104 (4(44298 00.4431M4 (4 00802 4) 0244) C' 098') 4) 2615 44 71i
40.8K 0.00292 4) (102)2( (X3)12) 0 MM4394 O4.1S15 04 0256 0. 103 ().2w) h1s
44) 38 (114)29()2 4111202 0 (0(44)34)1 0 (W395 0 (0082(0 (0.025S (4.104 4).283 44.A31
38.44On 0) W429-1 44.440)294 0 W44304 044)44 (4U (0 W"4 4) 02647 44 1104 4) 22 T! 'ý9
a7 14 (4 (442445 0 4M4)295 1 ((4W3405 (0 (1)4044 ((1)44 4• 0, Q271 O.112 0,312 O4.9)15
361.)91 0 444W295 (44)00215 0 ()344 1 9 00405 I0 W94) 0 0272 i 41.113 44.314 11 wif'I
35 89 (4(4424444 44442(MOR 1)44W307 0 040(447 40.4)857 (4.0277 1) 0 4(4 0 324 4.917
34,.44 ( 4W4))20 4444424( (0 W310 4.4413 (4,00876 0.024 4. 022 9.344 4.01
34 (44 (%1)290 O4M.41 MI2941 0)0413 11 WM, 0 0287 '4.22 04.345 1.44.
32.4V 0, (4.03042 40 44442 44440313 444W42(4 4)44)85 4) 0297 (44284 :1 347 4.42
31.42 0.4(M)3•(4 44)34)4 ) (444344 4 444422 i4 0 0 o)4 4 1:1 44 3M) 4 16
31.761 44.05 .44)3(4 4.444346 .4(44425 (4 00913 (,)4(1 (4 0 134 0 3S9 1 .12
29031t; 04)0367 O4 4.)WT7 ;4 0:'. M132 1' ' (44933 O) 0310 0 141 40 442 1 28
24 41 s (44434 1 (m4 3o4 (0W)321 4 110432 4 00934 0 0317 4 (142 4 416 1 34
2S.71 O 0 0 4 .M9 04W)W1 I (t 10321 i (104)434 (4 (0942 0 0321 11 144 1( 425 1 3:3
24 049 4 4443144 11 (MM4IO4( 0 W323 o (-4444 4)4 0094 04)324 44 144 1 4364 1 37
27.23 0 M4)312 1 44 04,312 (4 I4J327 I4 4414442 14 i4)461 4)0 3:2 ) 153 0.454 .14
2(6 (2 0 (103:13 (4 (410313 44 (04327 11 (10444 1 1)0970 4) 033.5 0 14 44 4410 L 44
.0 84 4)3() 4 W316 (% 444414 0 4WW 4I 1 1114'.0 1) , 4 (M3411 I4) 41 (4 4844 4 ,44
25 54 1 144:114(14 IM131(0 4(N13.31 3 ) 1 (K)O4& (1 0099 1 4 04)34S 0 11M 114W44 I R5s
24 0113 1 443424 f 4 4X1321 4) W.337 (4 441462 11 0103 (0 •3164 44 4h 4 517 1 74
23 444 ( (1)323 44 (01K123 0 110340 1 (1409444 ( 0104 0 0371 0 179 0 55. I 4N
22 69 44 4443244 4 )4W4320 444444344 4410471 11 04 ( 0.4T o ox 441 46A 44 I 14
21 53 0 M443304 I 4o(4334o 00443M(4 44 8 (1 0404(4 4) 0397 o ms 4 (425 2 07
21 .5(4 (44.143 0)• 4444443 10 ( 44435) 41 (MM44-w4 M In (4 (*9t4 'I 194 i (442 2 (4s00
20 43 14(43:5 4) M1"33I• 44444357 4) (MW!,-' 44 0113 () 0414 44 2411 4) 471 2 27
9t) .. '. 44:4:47 4 w Im:m.7 4I )1(1401 (1 W 4 ( 444 ( 415s 44 (423 14 214 4 703 2 344

18 57 ( (144344 0 M44344 4 4M44374 414524 (4 0124) 040449 0 23'7 0,7:41 2 h4.
IS 10 I t 1-444 , 4 111V44U1 I 4t 44n:74 44445,26 0 0120 ) O442 4) 239 4 787 2 71
17 23 :) 444441152 0444440 4W 11 0144(447 44 0126 0 047) 0 202 04877 3 44"
17 1(Y 041 W (435 4 4 10033 4 1 .4144 I f 1ki4$ 44 0127 0 040 0 2M441 4)91 3 15
16 Is 4 4 103M14 4( I44434il) 41 10395 4I 4t4449 0 0132 0 01OW N 4 2814 4) 972 3 44
15 71 ( I (NOW I I44444301 0 I II44111 (41 1)101 14 0135 0 482 0 297 1 02 3 04
15 20 44(10)36A. 4 W ( I4434444 ( I4(49 I4 (M44459 44 43 0 4444138 1 1 312 1 (is 3 9()
14 4 4 I )(M374 4 0(11370 0 444-4I7 4 44414444 11 0143 0 OM, 3I I I Is I 21
14 36 (w 4W.43764 0(4372 (o 0(44443 0 (M4444 4) 0144 0 (671 J 337 1 19 4 34

):I 444 4)4444384 , 04(4)342 44444t34 44 4w4.413 44 0454 4, 4444 4 8 4 311 4 43
13 4111 (0 1)03944 11444492 (4 00436 1 ) (M(M4 041182 4404405 ( 3416 30 444
1292 4 4 (44•34 ) W44391 I444444 tk 4 0 (I 0 0 08 0 039 0 3 43 5

U27 77 0 W44394 0 011394 0 144643 0 006794 00llJ (40649 (1 40 1 411 44 47
. .,, 011W 0 4(044447 0 44)73 ( 11 004713 0 0170 (4 008 0 439 1,44 6 1%

I1 78 0) 0(Mil 4) 0 110.412 0 00i49i 0 d04721 0 0172 0 0713 0 456 71 . 47
4I 67 0 (10411444 4 144 4)41 44(4944 0 (10733 00!74 0 0719 ki 4W 1 73 It A2
11 35 )0 0417 , n (1M I $ 0 043 1W7 0017T 0 0742 0 440 48X-2 41 93
to477 (4(143(4 o 07434 n 1(M 1%n4 (41Y,,1 0 0!)'49 0 0794 0 U2 .I :m .'t
4075 I I 414304 0 004311 0 ((4•U 0 0079.1 2 1 014 0 07ju 0 824 - 03 7 71

10 21 0 004443 10) (0M4 0 0842 4 140,31, 0 W02 0 00447 0 NO 2 24 %458
1 49 0 0(14451 (4 )4)0 0(84 000144 440201 O 0 0479 0 83 2 37 9 01
9 rid W44&144' 041044 0 (1M072 00173', 0 02VIP 0 (4)A 0 614 " 47 4!•
9 *'.j4 0 f,471)1 (4104495 0' 448M.4444 40)934I 00214 440 U 016 44W7 2 7T it 3
v) 41,4 ( t 44 a i4.4 (4f ln OW3 11 04403( 41:2Z (1 0( :4 0 4: 11 14 1 2* ; M0
0 n" 114(44W471 0 (4494 04 00012 44 14.-L3 4, (.231 0 (44% (492 261 2 4(4 10

(CO'\I'll)VNTI k1.



APPENDIX A 253

Angular L I M I N A 1 ('C 0N T It A S T F 0 0T LAM BFitTS:
subtenac
nl target I
(minutes) 10 100 10 n I 1to I o0 o 10-o

A. ( ,j O(1M)5 0 (M)5041 0.()0624 1 M1994 0 0237 0 102 0.720 2.95 1,
S .613 0 ()491 0(1(519 0. XH149 0.0103 0.11248 0.107 01.75,4 I 3 13 11.0
S 510 W 0.{}5( 0I.{M525 0(.(659 01.0104 0 0251 0. 101 0.774 : .21 12 3
4,170 I 0 W1518• 1).tXM44 i.IHI969 wo.nti 11.02166 0 I11t o 0 M 1 3 49 13.4
4 075 0 (10522 0 (0552 0 0M70.4 0.0112 0 0272 0 117 0.S52 3.55 13.6
7.•W)4) 0. (1)( .w1589 0.0()783 0.0122 0.029S 0. 129 0).95. 4 t1i 15 5

I-all4 It 'iý435 I.10A7Q7 9(.9!2t! 2. """"11 4.2' '

7 17S ) (41.579 0,0'047 0((HI)2 0 11133 0 0(327 ; 140 1.d06 4.49 17 3
6 W)S (0 1i(61I 0.1 4)073 0 (*MM;1 0 (1(45 0.035S 0 153 1.19 5.14) 1972

it (Mx) IM.MI(1 1 0.1)(YH75 0).(01,2 0.11146 1) 03,59 0 1.54 .19 5Is 19 3
(.44)4 0. W(1146 O).)720) 0.( ')92 11 015• 0,0393 0) 1/ 1 31 5 55 21 4
)t.211 0.(1, 7 NW .11X)745 0 0(11W 01MOO 0.0413 . Jib I 3K 5 X2 1 22 11
.5 873 0 M0721 0 (W1024 1) (1113 I) (IS, J).0-138 0) 197 1.57 6 (IS 2.5 9
5..1i3 0 (1(72S 0.(012" 11 )(113 I) M1#), (1 0472 0.199 IN 1.W It 76 261 2
5 4.47 0 ('071M 0.W()923 0) 0127 I).02i, .(1(o534 0 221; 1 .83 7 7K 30 0
5. 3S3 I) i' oN17 o W143 0 1) 130 I 1i' - I. 0154(6 I 230 1 7.97 3(0 7
5 106 ii %.,849 I) 01012 0. 0143 01)0243 0 (1(W13 I) 254 2 07 S S3 :34 2
4.11(99 C ,,''-¶(i ) 0 0107 0) 0149 1) 02511 II 0i19 0 211S 2 I[9 9. 35 311 1
4 SOO1 W .k11,55 M 0.01)14 0,10159 0 02275 II (0611(1 0 2,S6 2 3-1 1) 9, 3"s 6
4.614 1 W10101 0.0123 0 0i17! 0. W297 0 0(7361 I 3011) 2 55 1I) so 41 9
4.539 1) 01114 1). (1 .)0 1 0175 1M I i oI 0((1759 11 3111 2 W. i1 2 43 2
4 307 11)0114 (. 0137 4) 1)1 W i) (I31 I 0'0 11144 0) 354 2 W13 12 4 47 9
4.31X) ( I115 f() 013S I( 111904 o 0:•49 o 04!. 11 355 2 t! 12 I p.: '2
4 (S(5 1 0124 00 1),1) 0(213 1 (1375 (1 ((( I1 3111 3 26 13 '. 5:3 5
4 (13, 11 01-.7 I1 0154 0(((217 i, Li)33 u41..14% (1 402 33 II I 54 4
3 SI() ((1 140 11 0172 I) 1 P.1. (I 1 0431,14! 11 17 (1 451 :1 74 6 11 ti 7
3 714 11 0146 0 0179 0 (258, 0I (1431) Io 112 1),4711 3 1)3 It; s 64 4
1 4191 11 (((4,, 0) 0oLA2 II 025- 1 0453 I) 113 o.47!) 4 (4) H7 At 1 15 1

0,, 0 (it5 I) ((191 (1( 272 11 (VMl) oI 1i41 I) Is'2 4 21 I" II I(0 I
3 1404 W1.0171 0 01211 II 0 (301 II , ( 132 i) Mk1) 4 67 20 11 77 I0
3 141) 0) 1171 o 1;211 11 '3112 I) 13333 1) 1.;:) i)1 511R1 4 71) 2)M ) ; -'I I
:1230 . 11 (10S7 1( ((232 I) 01:M3 I) (l•sll I) 17 11) 67 5 19 22 2 s5 4
3 142 OI 0191 0)1243 l) 11(354) 0W22 1) 151 (11 t3 5 47 .13 3 "-) ti
.1 0)761 11 11203 11 (MV I 113(4 () ((1145 II Ifil 0) 617. 5 7% 21 4 1(4 1
"101 .I11221 II 0276 0I 01317 11 4)170 11 177 11 7411 it 7 2(. -I i 103

:' 91h 11 r-2 I 11277 I11 1413 0 .0;1( I) 17% II 752 i6 35 27 '. 011
2 MV1 1 11229 II (02S7 0 (1114 11 117311 1) 114 t 71i" 1; 5 2 ,'. t IRS
2Nil) 1 11)237 I) (12.k1, 1 0)432 11 077) 111 W.2 I S14 6 '4 29 " ( 113
2 723 11 0251 1) 03110 111 0461 11 IS) IS 1 21(4 " it M4L 7 211 31 3 11-i

2 8144 (l177 l1 034i8 ( 1510, 11191(1) 1 221 1 11114 13 34 S 133""I53 l Ma 0 511355 t (,5I9 0 .11 231 11 977 A3)) 354 136

2 403 0I 1313 1 ((03" 11 Ohm8 (1114 (11 'Jim) I 9 i34 4411 '1"4
2 349 0 1132h ( (1413 1) 1147 1' 11$1 n I i )7 42 0 11
2 .169 (1 0351) t1)0442 0 )(1182 0- 11 ,44 291 1 25 1) 5 44 ) 173
21,3 003S4 004114 ) I(171( p I 1219 (13 I I 3K 11 7 401) 1 fr11.,1
2 1,Rd) WNW IA I. (04O 1 11721 1 1301 ( 32"2 139 I 7 M(0I 1 3IM
2 4,, : !11,423 0(15:1M ( (07,1 I 1143 11 35A I M 12 9 55 213
191A 0 0444 01h,5•d 11( 114•3, 1 15) 11 376 1I(i 13 1) &A 3 225
1 (87 o1 1 2 1 .444 11964 (1171 01 a) (115 151 1.1 17 25.5
I ( to v .t p (M 151 1 )0914 ( 173 1" 412 1 % 5 is 11,7' 4 *'((l)
( 72.3 1( t%74 ) 0749 f 1( 111 ( tII U (• 1) (• 5 2 is .% I 77T 211.
1 702 00 "um o' ( w07 ,131 412112 0 .4. 2 V 14 A 79 4 a)i
1 618 0 10143 (0 0") 0 125 10 2".4 0 5412 2 44 *.0 6 .A 1 3410 U
171 S 0 I (12 1 (I)3v 1) 236 ( I 154 2 50 21 x M 3 301
I 521) ((f01'4) II 0944 i 0 14' II 2 )1 I 1 C 1, 1 77 23 3 li " ,
I 459 (0 176 0 1101 () 152 r 272 11,4., 1 09 2 1014 I
1 430 0 079(1 0 t It'l5 41 W,7 0 2, '':.S 3", 0 : 2. 1 I(2 432
I 31112 11 1-47; It I16 1) 174 3:111 It 7-a :1 43 2% 9 124 479

COiNFIDFNTI. 1!.



254 APPENDIX A

.\.l~z•, ,.I. v X 1, t:() Tt, A• S T F 0, 0)( T -1, A M B' E, R TI S

Cf turg•t, I

1 0. 1161 0. 175 0) 3:2 0,7",5 x 45 2 4) 1q I 5. 4:-0.
(2992 D 4 1'ýW 0. 12s 1. 1,93 : 0.345 (i ss 3 K2 32 2 a:. 535.

1 277 (1 09lSi (( 131 i( .107 (.352 t sm5 3,91 32,9 544
1,201 (1, 111) l-oI 0,222 0. 395 0 1195 .i 4371 (17.
I 175 1.115 0 151 II 232 i. 113 I Or- ,I .5 3,4 7 U43.
1,117 1 117 0i 155 01.234 0..'.19 I 1 0 4 i3 I 31)3 . 652.

1 1:15 I 'p1 11 16(4 II 214 0.442 1 12 491 41 4 .
1177 (1 135 0i. •S2 (,274 I i491 1 4 "'

4  
,0.7

1 075 01 l3i6 0 1,2 (1 275 I 402 1 2,5 ,i( 4( !i 770
.1121 11. 1 w! 1! 2-W~ 03.V4ll l 542 13 T, iltt .5 , .:1 S.51.

0i 99((3- II 157 oI 2110 I 030) ( 57'.' 1 -15 Ii 53,1. 893

03, ., ,. C., :. 1 S 1 2 r,:t 7 ... "41
I) 9i2.4 1 ( 177 1i 231) i) :11-. 0) N52 I 66( 7 33 1 1i .(1 l03(4.
0) 9229 1I IN) ( 2,2 (i 361 0 01(12 ItsI 7.41 62.4 (((42.
0(. I X o I. s ' 2,',2. 5 i 3;,l (.)I ,2 I 74 7,611 6i9 . II)( I.
oI SSAI( o I((2 w I 2tri 0I 39.5 i 714 1 ,'2 7 L (167 4 1134).
(I S613 11.2W3 0 277 11 4201 I 75x I M3 (.1.40 71.2
n ((51i (2 (1209 0.i2S4 01 43.' ii 7711 I O1. ,X '70 73 :1
1i 91711 li.215" I( 30 01 0i 411;i (i.41 2 14 1) 44 1794 1330
(I .41.j 0,232 1 313 0I 476 0 S49 221 91 & 91 3
0 74(0 o (2M 0352 1i (s o I(;7 '2.4m1 '1 ( W2 0i
03 742K" 1 271 o 36(7 1 5162 1.(l 2 11 II 5 904 2
1 ",7117.4 1) 2W 3912 3Q I) 5S I iOX 2 79 12 4 (04
0i 6110(1s 0i 32.) 114(i v i (1o 4 I L)N 3 Ili 13 11 till
)I 0111K) ((:322 '. 436 0( 667 V' 3 1 2 1 IlL

0) (l14i1 ( 355 11 4-i) 0 711i I 34 3 43 120
0) 11f,2m l) 374 ) 512 0.7113 1.41 3 (4 13(1
0. ,,,a 1'7 ... ! ý 9 .5-42• 11!! I ti I 9t!

o WO3( () 432 o 5,i n 01 ((2 I i( 4 21
(5447 ( 0 497 11 t7l( 1 04 1 . 4,2
1 &0313 (t507 t1 (lrl (((7 ( 92 4 tll

oI slimi I( 412W 11.76641 I 1) 2 14 5 45
1 V1119 I I51IMI 11M7 1i ( 2(6 2 20 5 77

I I.Is ,"? viI - 34 2 4-2 ." .a.
I0 461(4 11 6 K I 7 :5 M 411 62 0t (t--
4i A 5311 1 11 (1 II I I 1; 0(2
I 4307 (( 7917 i(IN, (167 3 011 7 07

1( 4111111 (1 3 I (IN 1 41.4 3 itl 7 41
1( 4'19 .5 WS I( (I 0 I (I 3 34 h 521

44(1i1 0ill(('2 (23 . 1 (1 3 4,1 I T11
n ;,iKlll I 1(2 I 314 1 4 3 -M 9 1ld
4) 3714 I 4141 1 44 1 21 2 ; 1. 1
(1 30111 (1O 4(1 2 27 4 (O M P
0I 38*ýtf 14 1 u 4 4i 134 11 1
0I 3401 21 . 73 2~ 1-4 X 12 -1

0 341Ki 12K 1(73 2 M51 43 1 2 4
) 312A11 (441 (91 g-o S 31 13 7

II .0(42 I 49 2 (Q'J 3 14 5I 61"
II 3 I7i 5W, 2 II 3 211 ; 15
( k 1 711 . 3' 3 M i' 43 1
o( 2l m 1 73 233 3 W,1 t tI
i) 2.,17 1 T7 2 42 :4 76. 6,
4i 21449 I sa4 2 U I lit " cl
0 2723 (99 2 1 4 1.7 7 W 19 3
0 2.A4rl 2 03 2 7, 4 27 7T (7
1( 21&4 2t1 '-9%1 4 14 13"1
(2S3 2. '1 37 3 (i 71 AS

i( 2401 .252 313 w. , 9 5%
0 2349 2( W 1 2 I 5 o il 10 11

(CONIIDENTIAiL



APPENDIX A 253

Angular L 1 M I x AT ('. C N 'I I A S T (F •o'Y- L .\ It, T S ;

of targctt
nlllh'; lmooll 100) M 1l 111l-1 Il) io 10- : 0 i l

0.2269 2. S6 3.8S vi oI 10.8
0.2153 3.16 4 2S C.6 12 0
10.21501 3.19 4 32 6.61 I?.)
0.2043 3.5%3 47S 7 41 13.3
0.19K8 3.72 504 7 91 14 1
0.1M57 4 26 5. 7 . 97
0.1846 4.32 .5 M2 9 ,6
0.1723 4.96 6. 67 10.3
0.1702 .5.08 6.86 10.61
0.1615 5.62 7.62 II 9
O. I1,;- 5.96 s.04 12 5
0.1520 11 U . ol, 13.4
0.1465t 6.91 931 145
0,1436 7. 14 9.60 p

C. 362 7.74 101.7
C. 1360 .. 1, .7
0.1292 1 III9

CONFIDENTI AL



GLOSSARY

A. FrTAC. Army Air Forces Tactical Air Ccnt,-r. ('0,.o0 (C'ONTRaAS'r. Departure in chromaticity )f a target from
i is huckgt'ceencl.

AcnitamATIt: Coion. White. gray, or black.

""'OTANiIJ Sitwv.'. A Uhtck .t;ca ,within the ckuliltl ,f A
AD h;(o, ( 'Wimrlr:r A fact-finding cominitthe whose exist- shi, or |lane, lprodueed ih teh,,h:eeIeow (f ,.eint cverhang-

ence terminated :ttomaticall3 after its report had been ieg streecture.

made.
('-T%'r. The hirtionma diffirenve itt hriyhtntq 6,tween

ADAPTATION. Procesc by which the eey' achievet ciltimumn an chjieat and it., backgroundal.
Iperceptual capacity for a givin set of lighting conditiines ('aIVNtI. , Mit Dtoe>;':. A melthodI Of c~alleetul'agle jainting

ADA.'rATION" I.icl,. The briahtnec.c of a uniinraa, field of whorthe, etc rve.iecm s, i- grtelcd in "m, -it tenr in.'er•ely
view to which the cyc attains a given stzt., of kilaptit- rMlatted to the Mullaninatjen of the esurfate. In gei.,ral. dark

tiol. 1 a' tI i- ,,.tI on tlcj-r -i,.t-.tt , tnd lighlt pieai; iý -cd on

ealllahr teirfaces.
APrAr.,X.T CONTt.4ST. The coaltrmest of tan objivt ats it apltears

to a distant observe. C RITIC'At.L. PtOINT. Tihi point of rilo.ust approach Along the
allh t itt ight. of it blobeer to ts targt cet Awhich the

ASDE-l.A.N. .At-,'-" binarite Dceolptaeenh Detachmcent, bo mbtanlier itt l•et able tt see tie tirget in order to drup

Ait Furce, Z. :o. Athintie Fleet. thie hbrnh et it.

Avmtt;r.: HLT•.tvCTNC. The reflectance oi a tuniform surfnce Dl1aelate VIStAL RIANtE. ThCat t 'Tictalte nt which a l:rle

I .-reendlit'alr to the linc of Pialat at the target haveng a dlark iehj•.tt on 
t

1l4. horizton iL- jet rerewanuable againxt
colltraott agairnst the sky equal to the integiated contrast thIF' kv l,,ekground.
of tlee target.

If)aic tre I%, I1te eTeON A reeletlun in the alit crrent size of one-
Ai. .Attleeaelclei itt tl,,llal jlioan coit-tie'nt, (Tl, rial unit: rv- ji'ete (t Kxaiph,: Thet ,T.,t oif a hv'hi,,opc lotokcil through

ciproeal aleters.) ein rever,rl0e dirertian.i

,o- . .. a,...-,,iiasae.,e.a. AtcTr iiraleeet ear lltee>;e;ctripr the IraenaseaitI anee

craft dlornbvil in Chatpter T. (Origin nf code name: first or tll•sil" of a Ihotlaurlahae fiWns.

use.l on iSI, Illlak Widow nijhtflghters.)

lh:'e".ii t P�etearealslI at.I A A lates-asic" of tI, hilavkne. orf a
:t.kuiwiTtee'vs it'lx. 'The owatafnce irnait an tiireer to the itoltoaralhi, iiini,. tqmantitaltir dent.laution; Density

horeuson, ixicretas in milesi', qualz the square root of 3 2 Ilog", I rnlnutsitteilate.)
týr heiglt of the olwrver's eve above tIle "ar moawrer, in

I)tcTr tHIIYh.ICI., .actsilter unit volume. (Typical Ute;:.

kaleagrunts ,-r cubic taeer.)

,-e-yaaeteaN.ll,•eductionat in purity

(TMu ruel i. II,•tcl tilc-c Itisgi'.at . .. trae A l.,,.. t"-,ctja lii, rr -r Ii ; a-rxaOa. Light rfilrv-lrd in all cý,re'lim (ie by

whith render its itreel ,'itit ir•mcnrtmle el,'lpt for ,otIll a ohee Ia loatie'g IcAtWers

Nalur oft11,) ltea•%ee4.'et Wcaesa . ta+ e ('wemi The *m, togth of

It'Ais. Iteereacu ic A'-raonaeetac V. .4 NA). that rietiltthireilnwlc lilgt which. when mntird in ptolier
ilcrrt tinraaa with white light, will eil-htri the chromaticity

li'i)aow. Ilurest of 1a ")fdnkneer . $. \At% oa the itzimaite

lIt'Sirl. Dletrreate of ,ltilc. V N Navy. V' A C ElqUia.lint achrntah- rcontrast.

(Coiriatahe {.ill A ra-tler othrt Ithan while. gray. e' hlpk. In,'r stvir laeataeer C('..aill - The iiaereit ce.e',a4 a
1i4ta4.- Ii. ttfljra is tIl'er alrt ti AtlI hhtalac as Iaiget Iftet-

t'aeIetstam C (c'I. aXTe ,olor eontatra•st. alniferti targe-t haiing the c.ale ltabe.ncl target dlaneiar.

(,owtele,,'rr. Thla. r.,alrties of % ec-4-r drew,,Icd 4y its .nrVU-1ty Pilo4Vt ,ip TI'eWI A.\c I ' SrtV- I *..

domlnanl w vi-rtrgiin aned ,uait).
:':q(.....I 'ste TAI hlnbghtaiear an.

('n11VlN PAINT Matee black l iiice id lteeptally lowa dl- 1!%-t which tslegh-q thee Isetmr %rustay as a color eapi" ro1t
law rerli-tanee'. derelolrtrl uilder ('oaettrtt t*Mtq-4S1. fatý-a ?M

4
r-limo 33Y)

((Oeein of name- A mitatiiate (fe "renfn i*1-r' l-11-01l

trigianslly (fe ar cofin tnaneefeearturpr het tuime- as An autit- ýiaerntme A-tee? A maatmael a4dmfr to l1eAitt in ordIer to
hflec•itaoi lining feur high-.raddr opictal ia.'"'alniet.) p'. Qeleac a teeth- seertite. tEXaamg.ha: tbe-a,.)
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Fot-•-AMsiurr. A unit of brightne-s. One foet-.i-boert Ai, the Co.tTtAI. (o.rl.mT. Valt of( contniMt for lidch the prob-
hrightne.a of ia perfectly diffutin narbf-ee rinittii g or re- bhility of arn h.lirerr tnaki,.g ai correc rrspon. i4. 30 per
flhcting one lumen p~r Moor.r foot. cent greater than chance.

F ý .. .. ..... ... ....- z' .. ,. -W. .... i,; t,.• a ,oi,- ADJ:.,A ,, IS•,, ... t . T11U mi, UUCVrt UL wilhir 3, t~rget,

iilvikr I.eil't iO tebe heiinal contrast of a cirulhir target i. visualtly detctabhle with a ;:robability 50 14-r t.ut

of equal area. greater than chance.

Gmo.ms. A ,ouib-crr.'ing, riaot,-cuutrot glid.,. ]AlI,..e Soto.pir origlltmn'., h.*'i.

(ComNomuIosm•a T. A lal.ratory instrunient for nibentrq - .rr.Ow.til.ll. RAwnE. That hori:.nial dit.ance fer wrhich
the reflectance of inateriar, for any anogle of incidence ind the' transnitheince of th atnmosphere i% 2 jcr relnt (tire
obelrvation. S4ectiat 2.12).

CoNuwilalommexil" (Veavt. A ilot of the readinhta of ai Muauea.in oU r.. Aliaratu. fur ine.aeeeering the density
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S4xv-(;ae NO) RAriO. The ratio o. the, tmghltni-we of the -ky 'tHA I'l.-Te rittei of the, iteeeeeinati,ennl. eem ~ c ~.
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CONTRACT NrMIuI,:HMS VO•:TRAVT(,;tS. AND SUIIJFCTS OF
CONTRACTS FOR SECTION 16.3

C('onlrart No. Coniract.,r Subject

OEMr-,51 B,.:varJ University, "... studies and ijivestigations in connection with the ,xtraction of
Cambridge, Masachusetts chlorophyll from plant sources and its uLe as a pigmsnt.

OEMsr--97 Trustees of *ie Looui, Con-fort " ... perforin certain taztoufiige field studies ......
Tiffany Foundation, O'ster
Bay, Long Islanu, New York

OEMsr-4PW Interchemical Corporation, ". . studivs and 6veit. istinns of eharacteristica af e•awoiflage paints,
New York, New York ,.-velop noneritical substittites, improve and simplify procedure

in field practice, and levelop and construct such special appara-
tux as may he requested by the Contracting Officer or an author-
ized re-presentatih,, for use in camouflage field studies .

OEMsr-717 Eastmae Kodak Company, . studies and experimnental investigations in connection with the
Rochester, New York design and construction of ar instrument and thc development

of techniques for its u. iii I was•uring the quantity and spectral
quulity of radiant energy from natural daytime sources reaching
an aeroplane during flight ......

OEMsr-726 Ainerirn Cyantmid Compan., .studies and experinmental investigations in connection with the
30 Rockefeller Plaza. camouflaging of stationary or slowly moving bodies of water by
New York. New York thin surface Elms.

OEMsr-1020 Coenell Univetsity, "... studies. ixperimental investigations, and field tests in connettion
Ithaca, New York with thie uses W• plants and plant materia!s in c.imnouflage...."

OEMsr-1070 Eashltman Ktxiak Company, ". . conduct :t qu'ntitative ntudy of the effect on visibility of differ-
Ruchester. New York Prces in chronmticity . . ."

OEMsr-1459 Pratt. Read & Company. Inc., . studies and experinintal investigations in connection with the
Deep River, Connecticut design and installation on a Navy LHB airra~t of sipecial camou-

f'llge eqclipiient.
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SERVICE PROJECT NUMBIERS

The projects listed bel',w were tranflnitted to the Office (if the Executive
S,-creta"', OSRD, from the War or Navy Department through ,-ither
the War Department Liaison Officer for NDRC oi the Office of Research
and Inventions (formerly the Coordinator of Rvsearch and Develop-
ment), Navy Department.
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Number

Arm,,i Pe..iP,:

AC-45 Developiuu•nm of Equilpnlet for Rendtring :in Aii, :i Vi-ibh, to an Obhserver on thc
Surface of the Earth

('E-24 Ilindamtental OpItit s

CE-25 Paints anti Pignmnts

'E-26 Color Transients

Nary Projrets

NA-18g • ehudi

N.•.147 Ship Camouflage
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Density of standard atitiosph,.roW. .- 31 Glossy black can)tufiagc paint, 242- LBH-I (Womb, Yehudi camotuflage

Dichroic filters for .amotflage du- Goniuphoto:awtry. 5, 214-215 ]1,T-I (;iomb, Yetudi vantuuflapre
tection, 12 Gray swalc for reflectance coinpati- for, 241

Diffraction of light around target, no- son, 209 Lighting arrangements
J. .i on cffict, 26 Ground glass plate effect, none•'d•- ,olor contrast ,tidies, 66

Diffuse reflectanee, camouflage paint:. tent, 26 liniinal contrast -ldlioq M.R
Black Widow finish. 243. 24? Ground haze, effect on mneteorological Liminal brightnes. conura,.
culifl paint, 242 range, 138, 144 effect of shape, 68-59

in relation to sighting range, 94
Eastmean Kodak Com~epany. 59-72 Handbook of -.Aisibhlity, propouw,,!. 135 nomognrp',ic charts, 78
ý>Ae f iont,-(. .,,zevxistnt, 26 Hare, atmospheric l.iminal brightn.,s (,ontrast, circilar
iM.Iccirical st•ting 0,,or'triea, 5 eflet nn meteorological range, 138- targets
E'elsikifiable paints, 10 194 alupparti. 3.5-45 70-"2
Equilibrium optia! ,ftTfit on visibility, 19-32 bright M-17 .

11o0II a .i:nt puth, 31 yahbe in attmoulflage engineering, 220 romputation of ,ontra.. .53
along horizontal paths, 20 1ue ltuxvb, 6 hark target, 54'

extt'ri, 20 Ilrizon lhrightnvsýF:.u. 2T. 3! cf'. .:C! .-uht.'ndvld !v
fornmla, 20 Horizon-s(aaning photometer, 27 barely visible circular object,

Equivalent achromAtiC contrast, 61-4 florizontal plath, N .ibility along, 19- 58. 59. 2.51-255
constancy with idaption level,t6Mt 28 .ight-pu)sition otserrttiotnimt hod,

33
il eeiina tiojt anrrangelments low-level brightness nteasuremuent,Filtis, s•!f-t..jreading, for water earn- ,i ;or contrat atidies, 66 51-52olflage, 9 liminal contrast ..tudips. 35 nomographic charts. 78

Filter-. dichroic. ifor eamouflage de- Itmage stabilizition with rotating beeriers. 45-49
tection, 12 glass block, 196 ihototnetric proced..re, 5(1--.
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tion, 234 43-48 ois, 34, .57
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Model studles linidnai contrau.t studies, 3&-36 Psyvhomch i;! protedur,. liminal can-
average reflectance me:asurements, Ocean shoal.q, color, 8, 210 fraist studie,:. 53-•13

134 ectit'd qilibriuni !1.1,t Analy'sis. 55-56

Black Widow finish, 242 Iul.g " slant path, 31 low-lev.'el hrightlnw.- ncasuru.cnt,
integrat.cd contrast mueasuremcents, along horizontal paths, 20 52

131-134 extent, 20 target presentation, 54-55
ship (anl'liflage. IS formula. 20 tWAt patlern p-rnhtation, 67-71
Yecudi camouflage system, 227-230 Optical slant rangs, '10, 138, 217 vis-llaility criterimai, 53M-54

Munsell colored papers for color con- diag.atns, 138-1.14 Purkinre huninoait curve shnift. 61, 66
trast studies, 67, 69 fornula, 3G

Orientation spots, liminal contrast Range, daylight visual
National Bureau of Standards trans- studie,, 42-43 dc'ind, 26-27

wissoneter, 21, 218 Otwnld ,olored papers for color con- dliectional t'aria oinns., formucilas, 27-
Nati.,d lerrain tru't ,tudie,, 60 2S

calor of oceun shoals, 34 in t rmo of metlccorulog•tl range,
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213 Passive Defense Project. 4-8 138-R94
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10 239 74 76
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194-216 engineering, 221 no'iographi,. ,tharit, liin uinai Uarget
tPxtire .- Indiem. 213-215 Perception without i,"arenet, 72- distanev, 76-131
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78-94 P.r',rveni i ,al larget cliqtanfci
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i liail., 243
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enmreition for iincerlaill cuchtlaliion. t liwt., 32wr 'I" clutlhrWsI tr f, ':,.

k" P11 i tlilhlt e ltettT'st oliro er. infcralml, 4
for aerial utcw. 144-liN ilhilthinstion (I"uinntia. 126 IRe'o-h'ing power of ti' teye, 26-.336
for signal Imlhit. 12 m fliniilnu angtiular srie, I1V I•st black. 243
Inmhinal contrais, iN I'njrticl target aMira
hilii, tlilluu i targt clttunre. 76-131 rlTict, cit titiulc ll st thc' .11it ici, telitatl ri O . ainitmislhlitic, t.-st"""lvtll triwill~r talml10, M91'll .~ 144 aill intlltiiull.rMwtilnl, 10
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optical slant rcamc. 14".1t94 i',clj,'ltl lacl~e area, l ffc c-tlive, II? 1,-,W
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effect on liminal brightness con- Suhtenme auh.le cozaiutatiua cf liuit;J, target dii.
Irusi, 5.-69 effect of brightness contrmit, 59 tance, 74-131

rcu 'ular t0rgets, R4-126 formula, 74 daylight visual rang, 27-•8
"?*'-oouflage, 13-14 dependence on contriat, 71-72
.a••it.i:; ... •gc, effýect of !.-.ina! target 'argt preatutiun, liainal contrast effect of color, 131

diptance. 94 tuldies, 54-55 etTct of haze, 19-32. 218
S,gnal lights Target visibility eff-,ct of non-uniforicity of target,

nomographic visibility charts, 128 no Visibiliy of turgitp 128
point sourci illumination formula, Target visibility chartt. circular tar- ef'e.t of •,.aqe, 94-126

'gets, 78-94 experimu nLt: studies. 22-2C
ak: trwird -atio. 217 Target visibility charts, rectangular froe, aircrft, 138-193

formula, UJ targets, 4-126 influence of ctlor contrust, 5W-72
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uremenis M,4 camoutiage ao s a•ýr,,sch aitrcaft, optical slant range io.'mula, 30-31
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